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This Thesis focuses on developing the 3D mechanical engineering process for a Large man-
ufacturing company. Several years back a new 3D software was introduced to three engi-
neering departments, but without a process how to utilize this new software. Due to the lack 
of initially developed process, the company cannot utilize true benefits of new software, 
which results in overlapping responsibilities, quality issues and schedule problems. There-
fore, the case company needs to develop the 3D engineering process to undertake mechan-
ical engineering in a coordinated way. 
 
In this study, the case study approach and qualitative research methodology were utilized 
due to a complex and specific nature of the research problem and need for in-depth explo-
ration of the phenomena. The research design of this Thesis consists of five pre-defined 
steps, three data collection rounds and specified expected outcome from each practical step. 
The data was collected within the case company through interviews, documentation analysis 
and workshops. In this study, the current state analysis was done first to get in-depth under-
standing of the current 3D engineering practices in the case company, which was followed 
by the literature review focused on identified weaknesses and subsequent proposal building. 
 
This Master’s thesis revealed difficulties in adapting a new software in engineering pro-
cesses of the large manufacturing company. In the current state analysis, the key findings 
related to the lack of a defined workflow, inefficient distribution of roles and responsibilities 
for process development and support, and lack of communication and collaboration within 
the engineering departments. Based on utilizing the conceptual framework developed during 
the literature review and the stakeholder’s suggestions, the study proposes cross-functional 
improvements that the case company can use to develop and deliver an effective engineer-
ing work. 
 
By utilizing the proposed practices, the case company can improve its 3D mechanical engi-
neering processes, develop a common standard for performing engineering work and in the 
long run reach the level where 3D technology can support engineering process’s perfor-
mance using process reconfigurations, and allow analysis of environmental changes. This 
study shows the logic of building a new process in the cross-functional context on a local 
scale taking into account internal features of different departments and partly the impact of 
the global environment. The proposed practices are approved by the case company and will 
be used in the near future. At the time of the completion of the study, the company began to 
implement changes in accordance with the proposed action plan. 
Keywords 3D Mechanical Engineering, Process development, Workflow 
modeling, communication, collaboration, Process re-engi-
neering, Continuous improvement 
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1 Introduction 
Due to a continuously changing business and technology environment, engineering 
teams and departments are forced to improve their processes and utilize new opportu-
nities. In the same time, engineers face many challenges, such us complexity of struc-
tures, design, workflows and demanding customers. For example, it is well known that, 
for large manufacturing and engineering companies, is extremely important to provide 
services and products in accordance with customer’s expectations. This is needed in 
addition to utilizing own operating models and activities in most efficient way and achiev-
ing a desired level of income. As such, engineering has a strong impact on the company’s 
product quality, serviceability and operating activities. Therefore, the efficiency and per-
formance of engineering departments and teams is critical for the success of any manu-
facturing or engineering company. 
By utilizing 3D modeling solutions, a company may increase its engineering efficiency, 
avoid costly mistakes, and gain more precision and control. Nevertheless, quite often 
engineering suffers from the lack of an effective approach to the implementation of cer-
tain tasks with the solutions. As a result, engineering process becomes cost ineffective. 
A similar situation appeared in the case company, which has an urgent need to develop 
an effective 3D engineering process. 
 
1.1 Business Context 
The case organization of this study is a multinational corporation operating mainly in 
robotics and the power and automation technology areas. The organization is divided 
into four Business Units such as _____________ ______________ _____________ 
__________ ___________ 
The case company of this study is one of the production units of BU______________, 
located in Helsinki. The company is a large manufacturer of electrical motors and gen-
erators. The company operates in the field where high quality, employees experience, 
skills, and adherence to international standards are an integral part of business. High 
technological level of products implies the fulfillment of a large number of tasks in ac-
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cordance with a developed plan combined in the production process. Therefore, organ-
izing of these tasks in complex processes has a great impact on the success of the 
company. 
When working closely with a large number of other departments and sometimes directly 
with a customer, engineering departments have a great responsibility for outcome. The 
use of modern software can help to improve the quality of engineering work, but only in 
the case of a well-developed process. 
 
1.2 Business Challenge, Objective and Outcome 
In the case company, for ensuring maximum accuracy and efficiency over engineering 
departments' activities, a new 3D software was introduced several years ago. Asynchro-
nous machines and Synchronous machines mechanical engineering departments and 
R&D got the opportunity to use the new software. In the company, R&D department is 
responsible for product development; while mechanical engineering departments are re-
sponsible for preparation of manufacturing and customer documentations, and product 
structure, working closely with R&D, sales, management, purchasing, production plan-
ning departments and manufacturing units. Although the internal processes and product 
families of mechanical engineering departments differ to some extent from each over, 
using the common storage and data processing systems requires awareness of the ac-
tions of each department. 
Due to the lack of initially developed engineering process and operating model in accord-
ance to the new software, the case company cannot presently utilize the software and 
thus realize true benefits from it. As a result, the current use of company’s resources is 
inefficient and cooperation within engineering departments is practically absent.  
The objective of this Master’s Thesis is to develop a 3D engineering process for the three 
departments to undertake mechanical engineering in a coordinated way. The new pro-
cess would help the case company to develop and deliver an effective engineering work, 
and increase cooperation within three engineering departments. The expected outcome 
of this study is a new 3D mechanical engineering process developed taking into account 
three engineering departments’ internal processes and operating models.  
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1.3 Thesis Outline 
To obtain full information about the existing problem, the engineering processes of the 
three departments were analyzed as well as an analysis of the technical capabilities of 
the systems conducted by an outsourcing company in 2016. Quality of the work, satis-
faction with the new software, possible wishes and obvious problems were analyzed 
based on interviews with key stakeholders. Gathered information showed the real level 
of personnel skills, differences in specific working processes and common interests of 
departments. The theory of process development was collected from literature. 
This study is written in seven sections. Section 1, Introduction, describes the background 
and overviews the thesis. Section 2, Method and material, explains how the study is 
conducted. Section 3, Current state analysis, explores the current practices of the 3D 
engineering process in the case company. Section 4, Best Practice, overviews best prac-
tice from the topics of process development, workflow modeling, cooperation and pro-
cess roles and responsibilities in large engineering companies. Based on these practices 
the section suggests a conceptual framework for the process development. Section 5, 
Building the proposal for the case company, based on the conceptual framework, pro-
poses 3D engineering concept. Section 6, Validation of the proposal, discusses results 
of validation process of the proposed concept. Section 7, Conclusions, summarizes the 
thesis and propose future directions for development. 
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2 Method and Material 
This section introduces the research method and data that were applied in this study. 
Firstly, the section describes research approach, research design and demonstrates how 
the study was constructed. Secondly, the section discusses the data collection and anal-
ysis methods, after which a plan for the reliability and validity of the study is explained. 
 
2.1 Research Approach 
Any research is mainly related to the creation of new knowledge. The basis of new 
knowledge creation is clearly defined method and source of data collection that a re-
searcher identified as deserving of analysis. Good practice of data collection largely de-
pends on research approach selection based on the nature of the research problem. 
(O’Gorman & Macintosh 2014, 75.) The selection of a research approach depends on 
the environment in which the project arises, including experience of the researcher and 
type of involved audience (Creswell 2014, 20). Due to a complex and specific nature of 
the research problem and need of in-depth exploration of the phenomena, the case study 
approach is selected as a methodology for this study. 
The case study approach is one of the most common approaches used in business re-
searches which includes a detailed analysis of phenomena, usually based on data col-
lected over time (Dul & Hak 2008, 4-5). According to Yin (2003) a case study is “an 
empirical inquiry that investigates a contemporary phenomenon within its real-life con-
text, especially when the boundaries between object of study and context are not clearly 
evident”. The main goal of the case study approach is to create an analysis of context 
and processes that illuminate the roots of the problem being investigated. The phenom-
enon is not separated from its context, but rather aims to understand how behavior and 
processes influence and depend on the context. (O’Gorman & Macintosh 2014, 80.) 
A case study can be single or multiple and basically focused on one or more specific 
objects, such as organizations, departments, teams, individuals, processes and pro-
grams. The approach is particularly effective for examining “Why”, “How” and “What” 
questions and for this reason the case study approach is often used for theory develop-
ment and testing. Case studies usually begin with a difficult situation, which is not well 
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understood and poorly explained. The aim is therefore to understand the current problem 
and use the information gained to develop a new theoretical view or explanation. (O’Gor-
man & Macintosh 2014, 81.) 
As was discussed previously a case study is an in-depth study focused on a specific 
phenomenon. Therefore, case studies basically are qualitative in nature and utilizes qual-
itative data collection and analysis methods which are typically divided into four primary 
groups: observations, participant observations, in-depth interviewing, and review of doc-
uments (Marshall & Rossman 2006, O’Gorman & Macintosh 2014). Qualitative methods 
provide an opportunity to collect valuable data and to obtain a richer understanding of 
the problem and uncover false results (O’Gorman & Macintosh 2014, 118). 
Despite the qualitative nature, the case study approach can utilize qualitative and quan-
titative or both data collection methods. Using of multiple sources of data can increase 
the validity of a study and allow to develop more holistic picture of the phenomenon. For 
example, evidence of documentation can be used to verify the evidence obtained during 
the interview. (O’Gorman & Macintosh 2014, 118.) 
In this study the case study approach and qualitative research methodology are selected 
due to a complex and specific nature of the research problem and need of in-depth ex-
ploration of the phenomena. The study utilizes multiple data collection methods such as 
workshops, interviews, observations and document reviews that provide a reliable foun-
dation for a detailed analysis of the obtained information. The qualitative data collection 
method is also selected due to a difficult collection and presentation of statistical data.  
The study provides an all-encompassing description of real-life situation, focused on 
three specific engineering departments in terms of one context as a single case study 
and answer the “what is wrong”, “why it is wrong” and “how to improve” questions. The 
study was designed by utilizing case study approach characteristics and the design is 
presented and described in the next sub-section. 
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2.2 Research Design 
This sub-section describes the research design in this study and explains its key ele-
ments. The research design is built as step-by-step process and shown in Figure 1 be-
low, including data collection rounds and expected outcome of each step. 
 
Figure 1. Research design of the study. 
As shown in Figure 1 the research design includes five main steps with three data col-
lection rounds and specified expected outcome from each practical step. An absolutely 
first step of the study is defining objective and outcome of the study. The case company 
has determined the business challenge which defines the objective, which is to develop 
a 3D engineering process for the three engineering departments. The expected outcome 
of this study is a new 3D engineering process. 
After the objective and outcome were defined, the Current State Analysis (CSA) was 
conducted to get in-depth understanding of the current 3D engineering practices in the 
case company. The CSA is based on collected through various sources Data 1 and iden-
tifies key strengths and weaknesses of the current 3D engineering practices and inter-
esting findings from another company of the case organization. 
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Due to unclear nature of the phenomena, the literature review was made after the CSA. 
The literature topics, ideas and concepts of process development were selected based 
on findings from the CSA. Found from literature best practice figured the Conceptual 
Framework, which together with the CSA and Data 2 was utilized during the next step in 
building the initial proposal for the 3D engineering process. The initial proposal was val-
idated and discussed by key stakeholders and modified utilizing Data 3. Subsequently, 
the final proposal was made for the 3D engineering process for the case company.  
 
2.3 Data Collection and Analysis 
In this study, the data was collected from a number of data sources and, as shown in 
Figure 1 and Table 1, in three data collection rounds: Data 1 as part of the CSA, Data 2 
for building the proposal and Data 3 for validating the proposal. The sources for data 
collection rounds cover all three departments for which proposal was developed to en-
sure higher level of evidence.  
Table 1. Data collection rounds Data 1-3. 
Data Data sources Purpose Analysed in 
Data 1, 
CSA 
1. Internal documents 
 Memos, reports 
 Analysis of technical pro-
cess & capabilities 
 Internal portals 
 Standards, instructions 
Identifying key elements of current 3D en-
gineering process: 
- Type of product to be designed 
- Description of the current 3D 
engineering process 
- Strengths and weaknesses of 
the current process 
Section 3, 
CSA 
2. Participant observation 
3. Interviews with stakeholders 
4. Process mapping 
5. Interviews with PLM global appli-
cation manager and key stake-
holder from another company of the 
case organization 
Overview and description of processes in 
another company of the case organiza-
tion 
Data 2, 
Building 
the propo-
sal 
1. Interviews with stakeholders 
2. Workgroup discussion 
3. Workshop 
Suggestions for building the proposal re-
lated to: 
- Defining process workflow 
- Defining roles and responsibili-
ties 
- Improving communication and 
collaboration 
Section 5, 
Building the 
proposal 
Data 3, Va-
lidating the 
proposal 
1. Interviews with stakeholders Identifying improvement ideas to initial 
proposal 
Evaluation of proposal 
Section 6, 
Validation 
8 
   
 
Table 1 briefly overviews Data collection rounds 1-3 for this study. As seen from the 
table, the study utilizes various types of data collection sources such as interviews, dis-
cussions, workshops, participant observations and document reviews. The sources are 
explained more detailed below. Figure 1 also presents the main purpose of each data 
collection round and in which section the data was analyzed.  
Table 2 below provides further details related to the interviews and participant observa-
tions made as part of the CSA, Data 1. The aim of this data collection round was to gain 
an understanding of the current 3D engineering process. 
Table 2. Details of Data collection Data 1. 
 Role Data type Topic Date and 
Length 
Docu-
mented  
1. Senior me-
chanical de-
signer (Asyn-
chronous ma-
chines) 
Face to face 
interview 
 
• Type of product to be designed 
• Description of current 3D engineering pro-
cess 
• Strengths and weaknesses of the current 
process 
17.1.2018 
52 min 
Field no-
tes 
2. Super-user 
(Synchronous 
machines) 
Face to face 
interview 
• Type of product to be designed 
• Description of current 3D engineering pro-
cess 
• Strengths and weaknesses of the current 
process 
16.1.2018 
50 min 
Field no-
tes 
 
3. Local applica-
tion owner 
Face to face 
interview 
Process map-
ping 
• Type of product to be designed 
• Strengths and weaknesses of the current 
process 
• Illustration of current process 
23.1.2018 
37 min 
Field no-
tes 
Process 
map 
4. Global applica-
tion owner (ex. 
Super user, 
R&D) 
Face to face 
interview 
Process map-
ping 
• Type of product to be designed 
• Description and illustration of current 3D 
engineering process 
• Strengths and weaknesses of the current 
process 
18.1.2018 
62 min 
Field no-
tes 
Process 
map 
5. Global applica-
tion manager 
Face to face 
interview 
• Strengths and weaknesses of the current 
process 
• 3D engineering practices in another com-
pany of the case organization 
23.1.2018 
39 min 
Field no-
tes 
 
6. Head of R&D 
department 
(Another com-
pany of the 
case organiza-
tion) 
Face to face 
interview 
• 3D engineering practices in another com-
pany of the case organization 
1.2.2018 
62 min 
Field no-
tes 
 
7. Head of engi-
neering depart-
ment (Asyn-
chronous ma-
chines) 
Face to face 
interview 
• Summary of strengths and weaknesses of 
the current process 
• Improvement opportunities 
8.2.2018 
10 min 
Field no-
tes 
 
8. Synchronous 
machines en-
gineering de-
partment 
Participant 
observation 
• Strengths and weaknesses of the current 
process 
Decem-
ber-Febru-
ary 
Field no-
tes 
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9. Asynchronous 
machines en-
gineering de-
partment 
Participant 
observation 
• Strengths and weaknesses of the current 
process 
Decem-
ber-Febru-
ary 
Field no-
tes 
 
As shown in Table 2, the data for the CSA based on seven interviews, two process map-
ping sessions and participant observations. The interviewees were chosen based on 
their position inside the case company, experience and role in the current process de-
velopment. Four types of question templates were utilized during this data collection 
round due to a specific purpose and type of data being investigated. The questions were 
created in advance and sent a week before the interview. Face-to-face interviews were 
held inside the case company, recorded and documented in field notes with subsequent 
checking and corrections by interviewees. Data 1 field notes can be found in Appendices 
1-4. Process mappings were conducted immediately after the interviews and docu-
mented in process map with subsequent comments by interviewees. The illustration of 
Data 1 process map can be found in Appendix 5. The observations were collected from 
researcher’s experience that have been accumulated during the period of working in both 
mechanical engineering departments, cooperating with R&D department. 
Along with Data 1 interviews, process mapping sessions and observations, a documen-
tation were analyzed in this round. This documentation focused on the analysis of tech-
nical capabilities of 3D software and PDM systems made by an outsourcing company in 
2016 and other internal documentation of the company listed below. 
Table 3. List of internal documentation used in Data collection 1, CSA.  
 Name/type of document Vo-
lume 
Description 
1. Design review: analysis of 
technical capabilities 
300 p. Analysis of technical process & system capabilities 
made by external company 
2. Development cases: 
categorization table 
5 p. List of categorized development cases related to 3D 
software/engineering process 
3. 3D Best practice development 
group memos 
9 pcs. Development group memos and field of notes from last 
year 
4. Asynchronous machines en-
gineering department  
Web Sharepoint portal for sharing internal and external in-
structions 
5. Synchronous machines en-
gineering department 
Web Sharepoint portal for sharing internal and external in-
structions 
6. R&D portal Web Sharepoint portal for sharing internal and external in-
structions 
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7. Engineering instructions and 
standards 
Web Internal database for sharing instructions and standards 
8. Internal knowledge database Web Internal database for sharing instruction 
As shown in Table 3, a variety of company documents, including internal web-portals, 
and pages was reviewed to getting better understanding of the current process practices 
and engineering environment. 
In the next data collection round, Data 2 was collected to gather suggestions from the 
key stakeholders. Data 2 includes four face-to-face interviews, one workshop and dis-
cussions listed below. Table 4 below shows details of Data 2 collection. 
Table 4. Details of Data 2 collection. 
 Role Data type Topic Date and 
Length 
Documented  
1. Senior mechani-
cal designer 
(Asynchronous 
machines) 
Face to face 
interview 
• Building the proposal 
• Process characteristics 
3.4.2018 
40 min 
Process map 
(draft) 
Process cha-
racteristics 
2. Super-user 
(Asynchronous 
machines) 
Face to face 
interview 
• Building the proposal 
• Process characteristics 
29.3.2018 
40 min 
Process map 
(draft) 
Process cha-
racteristics 
3. Global applica-
tion owner 
Face to face 
interview 
• Building the proposal 
• Process characteristics 
3.4.2018 
90 min 
Process map 
(draft) 
Process cha-
racteristics 
4. Local application 
owner 
Face to face 
interview 
• Building the proposal 
• Process characteristics 
4.4.2018 
120 min 
Process map 
Process cha-
racteristics 
5. Asynchronous 
machines engi-
neering depart-
ment 
Workshop • Ideas on engineering 
process development 
20.3.2018 
90 min 
Notes 
6. Head of engi-
neering depart-
ment (Asynchro-
nous machines) 
Face to face 
discussion 
• Building the proposal 
• Process characteristics 
3.4.2018 
30 min 
Process cha-
racteristics 
7. Head of engi-
neering depart-
ment (Synchro-
nous machines) 
Face to face 
interview 
• Building the proposal 
• Process characteristics 
5.4.2018 
30 min 
Process cha-
racteristics 
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In Data 2 collection, the interviews were conducted in the same manner as in Data 1. 
The workshop was held with Asynchronous machines engineering department design-
ers, as a part of planned team meeting, ensuring a high level of group productivity and 
reliability. During the workshop, ideas on mechanical engineering process development 
were proposed by designers and openly discussed. During the individual discussions 
held with the stakeholders and interviews with heads of engineering departments, the 
process characteristic and key focus areas of 3D mechanical engineering process de-
velopment were introduced and discussed step-by-step with later corrections and addi-
tions.  
The third data collection round, was conducted to produce the final proposal for 3D en-
gineering process. Data 3 included the same number of meetings as Data 2, except for 
face-to-face interviews with key-users. The data collection for Data 3 is presented in 
Table 5 below. 
Table 5. Details of Data 3 collection. 
 Role Data type Topic Date and 
Length 
Documented  
1. Senior mechanical 
designer (Asynchro-
nous machines) 
Face to face 
interview 
• Evaluate improved 
practices 
6.4.2018 Field notes 
2. Senior mechanical 
designer (Asynchro-
nous machines) 
Face to face 
interview 
• Evaluate improved 
practices 
11.4.2018 Field notes 
 
3. Local application 
owner 
Face to face 
interview 
• Evaluate improved 
practices 
• Next steps 
10.4.2018 Field notes 
4. Global application 
owner 
Face to face 
interview 
• Evaluate improved 
practices 
• Next steps 
10.4.2018 Field notes 
5. Head of engineering 
department (Syn-
chronous machines) 
Face to face 
interview 
• Evaluate improved 
practices 
• Presentation of final 
proposal 
11.4.2018 Field notes 
6. Head of engineering 
department 
(Aynchronous ma-
chines) 
Face to face 
interview 
• Evaluate improved 
practices 
• Presentation of final 
proposal 
11.4.2018 Field notes 
 
In the validation stage, after the corrections and other developments, the initial proposal 
was introduced to the stakeholders. Together with the stakeholders, the final proposal 
was created by utilizing suggestions, ideas, maps and concepts from previous meetings 
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and documented in field notes and new process map. The final proposal was presented 
to heads of engineering departments and validated during the meetings. 
All the collected data for this study were analyzed by using Thematic content analysis. 
The biggest part of data collection was done at the CSA stage to find out the current 
state of the 3D engineering process in the case company. The findings and analysis of 
collected Data 1 are discussed in Section 3 below.    
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3 Current State Analysis of the Existing 3D Engineering Practices in 
Three Departments 
The section discusses the findings from the current state analysis and their significance 
relating to two mechanical engineering departments and R&D department. The section 
points to the strengths and weaknesses of the practices and provides a summary of key 
findings.  
3.1 Overview of the Current State Analysis Stage 
The current state analysis aims to provide an in-depth overview of the current 3D engi-
neering practices in the case company. As was discussed previously in Sub-section 1.2, 
the lack of initially developed engineering process and operating model in accordance to 
the new software negatively hinders the engineering work. Nevertheless, the case com-
pany makes efforts to develop the process. For getting better understanding of the cur-
rent situation, the current state analysis of the current 3D engineering practices was con-
ducted in six steps. The analysis was based on the data received from interviews with 
key stakeholders, the overview of internal documentation, mapping sessions and partic-
ipant observations. The steps are described below. 
First, the current state analysis describes the current organizational model regarding 3D 
engineering process. The description helps to examine informant selection logic, the 
scope of the problem and roles of the departments. Second, the types of designed prod-
ucts are described and listed in accordance with their characteristics when working in 
the 3D software. Third, the current 3D mechanical engineering process is described and 
analyzed in parts. Since at the moment there is no clear process in the company, the 
section describes the current situation in detail to obtain a complete picture of the current 
3D engineering practices in the case company. Fourth, based on the received and pro-
cessed information during Data 1 collection round, the strengths and weaknesses of the 
current process are identified. Fifth, due to the large size of the case organization and 
widespread use of the 3D software inside it, the state of the process in another company 
of the case organization was discussed with a description of the findings. Finally, the 
summary of key findings is presented which points to the findings from these steps. 
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3.2 Organizational Structure of the Case Company 
The case company is a part of the Production group (PG) of one of the case organiza-
tion’s Business Units. The PG ___________________ consists of several production 
units (PU) around the world. The case company is a PU which in the whole order-to-
delivery process is responsible for product engineering, purchasing, and manufacturing 
supported by project management. The manufactured products have many variations 
and the end design of each machine is unique.  
Presently, the project specific design process consists of electrical and mechanical en-
gineering. Synchronous and Asynchronous machines engineering departments of the 
case company have their own electrical and mechanical engineering teams, which are 
supported by common R&D department. R&D department has a variety of teams divided 
according to the type of designed products or the type of tasks performed. Responsibili-
ties of R&D department are product development, initial design, creating of standard 
materials, components and instructions. Synchronous and Asynchronous engineering 
departments are responsible for creating required customer documentation. Also, the 
departments ensure manufacturability of all the mechanical details and prepare product 
structure in PDM system. The R&D and the mechanical engineering teams are using the 
3D software in designing of machine’s components and drawings. 
Regarding the support for this 3D software, Support organization supports the use and 
development of PDM and CAD (including 3D) systems in the case company. The Sup-
port organization includes Global and Local Supports. The Global support is responsible 
for supporting all BU’s Production Units which use PDM and CAD systems. The Local 
Support of the case company consists of key-, super-users and local application owner.  
Figure 2 below represents a simplified structure of this organization in the case company. 
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Figure 2. Support Organization (CAD and PDM systems) in the case company. 
As seen from Figure 2, the Local Support also includes a process development group 
whose goal is to develop the 3D process in the case company. The group determines a 
necessary improvements or ideas for development and requests them from Global Sup-
port organization. The company is ultimately responsible for own local processes and 
Global Support is the technical implementer, which can consult, advice, giving an opinion 
on software development ideas. 
Since the organizational structure includes distributed roles by departments, a more de-
tailed company structure regarding the 3D engineering process is described in Sub-sec-
tion 3.4. 
 
3.3 Types of Products and Components to Be Designed 
Due to a long history of the case company, there are many variables of products to be 
designed. As was discussed earlier in Sub-section 1.2 the product families of mechanical 
engineering departments differ to some extent from each over. Nevertheless, the de-
signed products and components can be grouped according to characteristic features, 
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such as complexity of modeling and frequency of use. This sub-section briefly overviews 
main types of designed products and components. 
The list of designed products was created based on a review of most common machines’ 
structures in PDM system, a review of standards and instructions, and discussions with 
key stakeholders. The types of designed products and components were categorized for 
further more detailed analysis. The categories were distributed in such a way that they 
could be utilized most efficiently during the decision-making process. First, the catego-
ries are defined for both types of machines in general terms based on the complexity of 
the 3D design. Table 6 below represents the main categories of the designed products.  
Table 6. Types of products and components to be designed, categorized by design difficulty 
level. 
Difficulty level Description 
A A1 Small sized or simple part or component, modeling does not require special skills. 
A2 More complex components or parts, longer design time, requires specialized 
knowledge of the product. 
B B1 Simple assemblies, does not require special skills. 
B2 More complex assemblies consisting of a large number of components, require 
special knowledge of the product. 
C C1 Complex parts or assemblies consisting of several stages of modeling. Particular 
expertise is required on products and systems. Usually does not require the use of 
special licenses. 
C2 Difficult complex entities, long modeling time. Require special training, special li-
censes and knowledge of products and system. 
As seen from Table 6, the products and components are divided into three categories 
and six levels of complexity. Level A1 includes small, easy-to-design, bulk or standard 
components which creation does not require special skills in 3D modeling. Level A2 in-
cludes more complex components or parts, which modeling require some special 
knowledge of the product.  
Difficulty on Level B1 consists of simple, often auxiliary assemblies. Level B2 includes 
large assemblies which modeling in 3D requires some special knowledge of modeling 
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principles and logic. Updating of such components is complex and modeling time is 
longer.  
Level C assemblies and components are large and complex. The parts consist of a mas-
sive number of items or modified surfaces and special design features. In addition to 
good enough engineering experience, the creation of C1 models requires a special and 
deep knowledge of CAD and PDM systems. Designing of Level C2 models also requires 
special training and using of additional licenses.  
Table 6 clarifies the general principle of dividing the products and components by com-
plexity level. In the following sub-sections, more detailed description of designed models 
is presented. 
3.3.1 Synchronous Machines 
Synchronous machines are one of the types of products the case company produces. 
Planned engineering time of synchronous machines usually lasts from several weeks to 
several months, depending on the model and type of products or specificity of additional 
components. These products usually consist of a large number of components. The com-
ponents can be divided into several categories such as standard, unique design or sub-
contracting parts. Table 7 below presents the classification of these components’ types, 
average availability of their 3D models in PDM system and estimated frequency of use. 
Table 7. Types of components to be designed. Synchronous machines. 
Difficulty 
level 
Examples Type Availability of 3D 
models 
Frequency of use 
A1 Washers, screws, bolts, nuts Standard items Mostly available Constant frequent use 
Material sheets Special design Depending on design Frequent use 
A2 Bearings, transformers etc. Subcontracting parts. 
Catalog products. 
Rarely available Once during the project 
Shafts Special design Depending on design Once during the project 
B1 Tachometers, sensors Subcontracting parts. 
Catalog products. 
Rarely available Once during the project 
Mounting plates, brackets Special design Depending on design Once during the project 
B2 Terminal boxes, intermediate 
boxes, enclosures 
Special design or 
standard items 
Mostly available Constant frequent use 
Carbon brush assemblies and 
enclosures 
Special design Depending on design Once during the project 
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Packages Special design Depending on design Once during the project 
C1 Frames Special design Depending on design Once during the project 
Heat exchangers Special design Depending on design Once during the project 
Bearing pedestals and shields Special design Rarely available Once during the project 
Diode bridges Special design Depending on design Once during the project 
C2 Rotor poles Special design Available but de-
pends on the type 
Once during the project 
Stator Special design Rarely available Once during the project 
Piping and cabling Special design Rarely available Rare use 
Transformer platforms Special design Available but de-
pends on the type 
Once during the project 
As seen from Table 7, most of the components have special design depending on the 
certain type of machine. Nevertheless, that does not necessarily mean the need to de-
sign each specific component during the new project. In many cases there are already 
existing components, which can be used in case they will be found in PDM system by 
designer. Also, the absolute majority of the components is used once during the project. 
Thus, if the existing component is found, the engineering time of the machine can be 
drastically reduced. 
Standard items are protected by internal or/and external standards. The items have spe-
cific design and defined attributes. Usually R&D department is responsible for their up-
dating and creation. Standard items are used quite often and are part of large assem-
blies. Subcontracting components also have a specific design, which is created by a 
third-party company. Often such 3D models are rarely available, and creating of 3D mod-
els according to available suppliers’ drawings and brochures is a complicated process 
due to the complexity of surfaces. 
Asynchronous and Synchronous machines engineering departments have common li-
braries of standard items listed in internal database. The libraries includes materials, 
standard components and in some cases lists of items’ ID numbers. Despite the common 
base of standards, the differences between designed products in most cases do not al-
low to use the same components. At the same time, some common components are 
used with different periodicity in the departments. For this reason, a similar to Table 7 
list was created separately for asynchronous machines. 
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3.3.2 Asynchronous Machines 
Asynchronous machines are the second type of products produced by the case com-
pany. Traditionally, asynchronous machines are smaller and consist of fewer compo-
nents than synchronous machines. For asynchronous machines, the projects’ lead time, 
compared to synchronous machines, is considerably shorter and engineering time usu-
ally takes only several days. More complex projects can last several weeks. Typically, 
machines have a standard structure, differing in component sets and special customer 
requirements. Table 8 below presents the asynchronous machines’ components, classi-
fied on the same principle as the synchronous machines’ components. 
Table 8. Types of products and components to be designed. Asynchronous machines. 
Difficulty 
level 
Examples Type Availability of 3D 
model 
Frequency of use 
A1 Washers, screws, bolts, nuts Standard items Mostly available 
Rare use 
 
Material sheets Special design Depending on design 
Bearing Standard items Rarely available 
A2 Auxiliary terminal box mounting 
plate Module frames 
Special design Not available 
 
Shafts Special design Available for 2 prod-
uct lines 
Mostly not available 
B1 Mounting plates Special design Not available 
Auxiliary terminal box mounting 
plate Cast frames 
Special design Mostly available 
B2 Heat exchanger Special design Mostly not available 
Fan covers Special design Mostly not available 
Intermediate box Special design Mostly not available 
C1 Welded and machined assem-
blies: frames, bearing shields etc. 
Special design Mostly not available 
C2 Piping and cabling Special design Not available 
Bearing assemblies Special design Rarely available 
Fans Special design Mostly not available 
As seen from Table 8, the main part of the components is not available in the 3D format. 
There are some exceptions, for example, two product lines are initially designed in 3D, 
which means that at least frames, shafts and other active components are also available 
in 3D for these products. In general, the department’s engineers are rarely forced to use 
3D software, but in the case of complex or special projects, the absence of 3D models 
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affects the engineering time. Also in the future, the use of 3D technology in this depart-
ment will be expanded, so the development of the process for this department is a ne-
cessity. 
The lists of designed components and complexity levels are also utilized and discussed 
in details in Section 5, related to the building of proposal. 
 
3.4 Description of the Current 3D Engineering Process 
Due to the lack of initially developed and described process, 3D mechanical engineering 
works as an AD-hoc process. Despite the flexible nature of the AD-hoc process, the 
company cannot presently efficiently utilize the software and thus realize real benefits 
from it, as was discussed previously in Section 1. 
In connection with the existence of Support organization and Development group, the 
description of the process includes a description of the current development practices as 
an integral part of the environment. These practices have a direct impact on the process, 
interacting with it at all steps and creating the prerequisites for its successful develop-
ment. The current development practices have their strengths and weaknesses and, 
therefore, are discussed before the description of the 3D engineering process, including 
the distribution of the key roles and responsibilities. Consequently, the main steps of the 
current 3D engineering process are overviewed and discussed separately and more 
deeply.  
3.4.1 Current Development Practices 
As discussed previously in Sub-section 3.2, the Local Support and Development group 
determine necessary improvements or ideas for development and requests them from 
Global Support organization. Development group mainly consists of Local support’s 
members with representatives of Global Support organization also. Required participants 
are Global Support’s 3D experts and key stakeholders of the case company. The group 
includes representatives of R&D and Synchronous machines departments only, due to 
the lack of key roles in terms of 3D software in Asynchronous machines department. 
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Nevertheless, according to documented Development group’s principles, the atmos-
phere of meetings is open and there is a possibility to invite other experts from the case 
company. The current roles and responsibilities are listed in Table 9 below. 
Table 9. Roles and responsibilities of Development group participants in the case company 
(Case company, 2017). 
Role Responsibility Allo-
cation 
Available 
resources 
Key-users 
 
- Responsible for application training, instruction creation and up-
dates 
- Responsible for 1st level user support 
- Works under the guidance of Local Application Owner repre-
senting meetings 
20% 
 
3-4 
Super-us-
ers 
- Responsible for application training, instructions creation and 
updates. Based on Local Application Owner’s instructions, com-
municates the application changes to the local organization. 
- Responsible for 1st level user support. When needed, transfers 
queries and support requests to Global support organization 
working as a contact person between local users and Global 
Support organization 
- Works under the guidance of Local Application Owner repre-
senting meetings 
- Point out the needed proposals for application improvement and 
corrective activities together with Local Application Owner. 
- Working as a main responsible for user acceptance testing in lo-
cal site. 
- Specifies and maintains local test cases and testing activities. 
- Secure that the local site will be fully compatible with the other 
sites in BU and its architecture as a whole will be appropriate, 
secure, continuous and reliable. 
40% 3 
Local ap-
plication 
owner 
- Arranges necessary application training, support, operation and 
maintenance work in the local PDM site including all installations 
(servers/clients) and environments (production/test/develop-
ment) 
- Keeps the local key user community strong enough and agree 
clearly the named persons with their superiors/line managers 
- Owns the contract in case of local agreements with internal or 
external service providers 
- Verifies the quality of service deliveries from internal or external 
service providers and take corrective actions, if needed 
- Provides input to frame agreements with service providers, if 
needed. 
50% 1 
Global ap-
plication 
owner 
- Ensuring that the engineering tools provide the right functions 
and capabilities for new and existing products developed in R&D 
for efficient order engineering in all manufacturing locations 
- Providing support for development and maintenance of common 
engineering tools  
- Supporting new product development and product transfers 
50% 1 
As seen from Table 9, the responsibilities of Development group’s participants cover a 
complete range of process development from the proposal of ideas to testing and imple-
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mentation. The roles and responsibilities as seen from the table are distributed in a pre-
cise manner, with a strict hierarchy of responsibility. The official existence of the group 
is not documented and is not represented in the organizational structure of the company. 
In general, only members of the group and head managers are aware of the existence 
of this group. 
The goal of Development group is to define good 3D working practices and document 
them to the internal knowledge database. Group’s meetings are held monthly and the 
content of meetings is documented utilizing cloud-based technology for future distribu-
tion within key stakeholders. Based on a review of meetings’ memos and prepared by 
Development group tables, development needs and ideas are discussed during meet-
ings and prioritized by their urgency and importance. After that, the tasks are distributed 
among the participants, followed by discussion in a joint meeting, where the modeling 
rules / practices for the topic are presented and agreed. After the meeting, responsible 
persons document the agreed practices as a guide and submit it to Global Support, which 
transfers it to the internal knowledge database.  
In Development group, a standard agenda of the meetings is a discussion about 
knowledge articles, open issues and issues that have been completed since the last 
meeting. Other than to Global support organization delegated tasks, such as creation of 
needed instructions, are exported to the departments’ continuous improvement tables to 
achieve better transparency of the current development tasks. Again, due to the lack of 
key roles in terms of 3D software in Asynchronous machines department, the tasks are 
not exported to this department. 
As seen from Table 9, at the moment the case company does not have resources, whose 
primary responsibility is process development or implementation of development tasks. 
For all participants this is an additional task, included in their official commitments. Table 
9 represents the share of their time allocated to support and development activities, but 
their actual hours are not documented. The tasks are distributed without a specific sched-
ule and therefore it is impossible to define the actual used time for implementation of the 
tasks. According to the information received during the interviews and review of the 
meetings’ memos, currently, there are maximum four development tasks open at a time 
as a result of lack of resources. The list of prioritized development cases related to the 
current 3D engineering process is very long but new tasks will be taken only when the 
previous ones are closed.  
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3.4.2 3D Mechanical Engineering Practices 
The current process of 3D engineering was mapped utilizing the results from the inter-
views, analysis of the internal documentation, the process mapping session and internal 
mapping practices of the case company. The 3D engineering process map is the first 
map that describes the 3D engineering process in the case company. A large number of 
product variations and types of components and models does not allow to produce a 
detailed map for each type of model. Therefore the produced map describes a most 
common process of modeling. The complete map can be found in Appendix 5. Due to 
the large size and complex technical terminology of the map, it was divided into main 
stages and presented stage by stage. Later, to simplify the description of the stages, 
they were grouped and presented as a linear process shown in Figure 3 below. 
 
Figure 3. Simplified 3D engineering process in the case company. 
As seen from Figure 3, a traditional 3D engineering process can be presented as an 8-
step linear map. The process starts with the initial determination of the need for a model 
or other 3D entity. Next, before the modeling starts, a search is performed for any refer-
ence models that can be used as a template, thereby ensuring that the necessary part 
is missing in the PDM system. Subsequently, for the correct use of the software and 
modeling principles, the necessary instructions are reviewed, after which the modeling 
step begins. When the design is ready, the master data is filled in the PDM system. Later 
the ready item is checked by another engineer and then approved. A more detailed ex-
planation of each step is presented next. 
Starting point is the first step in the process. The need to create a new 3D entity arises 
in different situations, usually, in case of a unique design that differs from the standard 
or in the case of needed standard 3D model absence. The need may be a new product, 
a special component of the product, part of an assembly, manufacturing instruction etc. 
As was discussed previously, R&D department is responsible for product and component 
development, and initial design of machines. The department creates new components 
and other entities according to internal and global standards and the existing design of 
machines. Synchronous and Asynchronous engineering departments utilize created by 
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R&D department standard components and machine structures during mechanical engi-
neering phase. Therefore, techniques and modeling methods applied by R&D depart-
ment, directly affect mechanical engineering. Despite this direct dependence, the depart-
ments does not initially have cooperation in terms of the 3D engineering process: 
Basically, the cooperation of these teams (R&D engineering teams) is limited by 
internal teamwork. In terms of our R&D engineering teams, maybe there is not too 
much cooperation with the mechanical engineering departments. (Global applica-
tion owner, R&D)  
During the creation of new models and developing internal processes, R&D does not 
consult with mechanical engineering departments which leads to a misunderstanding 
regarding the 3D engineering process. As a result, design approaches used by R&D, 
does not always suit mechanical engineering needs: 
The initial chain which supports mechanical engineering (R&D) in principle does 
not support us so much. Sometimes R&D does 3D design which is not suitable for 
our department. As a result some models we cannot to use as reference. (Senior 
mechanical designer, Asynchronous machines) 
In this case, the mechanical engineering departments are forced to update or create new 
models, which entails delays in the engineering process making it costly inefficient. 
Reference search makes the second step in the process.  The search for a reference 
can be performed in different ways, depending on the type of 3D entity being designed. 
Based on documentation review and interviews, the company does not have an accurate 
search method as well as clear practices of naming all types of components: 
We have a lot of similar items in the system because it's difficult to find by name, 
etc. I cannot find the item if I do not know by what principle it is named. (Senior 
mechanical designer, Asynchronous machines) 
Due to the long history of the case company, during which multiple various software and 
databases were used, the search can be performed using several tools with different 
parameters. There are two main applications for reference search in which the search 
can be performed using various techniques. However, the search is performed based on 
the same database. It should be noted that in case of finding a reference, it can also be 
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designed using 2D technology. In this case, the engineer will be forced to design a new 
3D model, if schedule allows. 
In addition to the search tools, the company has numbers of standards with listed item 
codes. However, based on a review of standards and interviews, most of these items do 
not have 3D models or the model is stored under a different ID number, which compli-
cates the search. 
Instruction search is the third step in the process. At the moment, the case company has 
a wide set of instructions related to the practices of 3D design. The instructions are in 
the process of constant updating and are part of the Development group meetings’ 
agenda. Nevertheless, the company still does not have a complete list of instructions 
and there is a lack of process description.  
As in the case of references, the 3D modeling instructions can be found from several 
places. There are two main places for instruction search, which are the engineering por-
tals and the internal knowledge database. The knowledge database is relatively new, 
shared storage for different kind of instructions and standards, built utilizing cloud tech-
nologies. The instructions are categorized according to modeling solutions and are avail-
able for the whole case company. Additionally, all three departments have their engi-
neering portals, developed independently from each other. The content of each engi-
neering portal is generally available only for the department’s engineers and thus, useful 
information presented in one department may not be available to another. The company 
also has a distribution of useful notes related to 3D engineering through email. Based on 
a review of mailings, initially the information was intended only for Synchronous ma-
chines and R&D departments. At the moment, the list also includes engineers from Asyn-
chronous machines department. These notes in most cases stored in a separate data-
base, which makes it difficult to classify them and search. 
In case the necessary instructions are absent, the engineers can consult with colleagues 
or use the help of key- or super-users. Due to the lack of experience and awareness of 
Asynchronous machines department about the roles in the process, the engineers are 
often forced by trial and error to continue components’ modeling as follows from the 
interviews and participant observations. 
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Modeling is the main and longest part of the process. Depending on designed product 
complexity it can last from several minutes to several days. According to interviews, basic 
3D modeling is on good level in R&D and Synchronous machines departments and the 
amount of key- and super users’ support sessions has significantly decreased compared 
to the situation two years earlier. At the same time, Asynchronous machines department 
suffers from a lack of experience even in the modeling of basic components. 
Modeling can be divided into 3D modeling itself and in the most cases creation of a 2D 
drawing. After the component is designed, engineers create 2D drawing utilizing the 
same software, as can be seen from the process map in Appendix 5. Creating a 2D 
geometry utilizing 3D model increase the accuracy of the drawing and reduce the dura-
tion of drawing creation. Increased accuracy of 2D drawings is also seen as one of the 
main reasons for using 3D technologies. 
The duration of modeling in some cases is reduced by utilizing the parametric modeling 
solutions. These solutions give the opportunity to create new models by changing dimen-
sion values of reference parametric model. Building of a parametric model is usually 
quite a complicated process, which requires deep knowledge of the product and systems 
and thus these models are related to C2 complexity level. In case of frequent needs for 
new variations of the component, the engineering time can be reduced dramatically. De-
spite the obvious advantages of this technology, the company practically does not have 
such models, which is due to the lack of skills and resources. Also, the existing paramet-
ric models are not listed or distributed throughout the company. 
Data filling is the fifth step in the process. After the design is ready, the master data must 
be filled in the PDM system. This step can be seen as a sub process of modeling due to 
the need for subsequent updating of the drawing datasheet with updated data. As it was 
said earlier in this sub-section, the company does not have a clear practices of naming 
all types of components. Absolutely the same situation with the other types of data to be 
filled at this step. Some attributes have a specific list of variants that can be used, type 
designation for example. At the same time, additional information related to the descrip-
tion of the special qualities of the component can be filled in any form or not filled at all. 
As seen from the process map in Appendix 5, during the process of data filling, the ac-
tions are performed in two applications with the transition from one program to another 
and back. In theory, all needed information can be filled in the 3D software. The case 
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company has already created a development idea and impulse to Global Support organ-
ization related to this improvement.  
Checking, approving and finish make the last steps in the process. After all the steps are 
performed, at least one engineer should check the ready item. Currently, the company 
does not have specified roles for checking. Therefore engineers can ask for checking 
from any sufficiently experienced engineer. Also, there is an absence of clearly defined 
guideline of what data and how the item should be checked. As a result, in most cases 
for example 3D design approach and existence of identical items are not checked.  
After the item is checked and necessary updates or corrections are made, the item is 
approved in PDM system with the subsequent appearing of data in ERP system for fur-
ther usage by production planning and purchasing if needed. The designed and ap-
proved item may be used in the structure of the product or utilized in different assemblies 
or drawings etc. Basically the process stops at this stage. Subsequently, the created item 
ID is not entered in any list or library except for the components stored in the standards’ 
database. The finding of this component later is extremely complicated as a result of the 
lack of standards for naming and data filling also. 
These eight steps display the full current 3D mechanical engineering process of the case 
organization. Next, S&Ws in this process are discussed. 
 
3.5 Analysis of the Strengths and Weaknesses of the Current 3D Process and Devel-
opment Practices 
During Data 1 round, many strengths and weaknesses were identified regarding the cur-
rent 3D mechanical engineering and development practices in the case company. The 
findings were collected, grouped into six categories and illustrated utilizing fishbone dia-
gram techniques. The strengths and weaknesses of the current 3D engineering process 
are presented in Figure 4 below. 
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Figure 4. Strengths and weaknesses of the current 3D engineering process and root causes. 
As seen from Figure 4, the findings include a considerable number of weaknesses and 
only a few strengths. The diagram shows the distribution of the main categories of the 
findings. The top categories of the diagram cover the findings related to the process 
development practices or the prerequisites for the effective operation of the process. All 
categories mutually interact with each other through common core, affecting the overall 
flow of the process. For example resource problems directly affect communication, which 
in the same manner affects the environment. As a consequence, despite the strong en-
vironment, the process cannot be developed efficiently, being reflected directly on the 
3D engineering practices, which represent the lower categories of the diagram.  
As seen from Figure 4, most of the weaknesses refer specifically to the 3D engineering 
practices. There is the same tendency in the interaction between findings, that is, the 
two-way dependence of the categories on each other, the methods of the 3D engineering 
practices cannot be effectively utilized without the prerequisites from the data, and tools 
even if they would be improved. In the same way, the data cannot be harmonized without 
defined methods and tools. The detailed description of each finding is discussed next. 
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3.5.1 Strengths 
As Figure 4 shows, almost all strengths refer to the Environment and only one to Com-
munication categories. Indeed, as was discussed earlier in Sub-sections 3.2 and 3.4.1, 
the case company has a well-defined support organization with named key-, super-users 
and application owners. The structure of the organization is clear and there is close com-
munication between the key stakeholders in the case company. Additionally, the organ-
ization utilizes direct contacts with software supplier and external consulting company, 
which have wide experience and knowledge in the field of technical development of 3D 
practices. Therefore, the company has very useful and necessary support, thereby im-
proving its internal knowledge in this field. Improving of internal knowledge in terms of 
3D technologies is also extremely important due to the high potential and wide spread of 
the technology. 
Also, the Support organization already making the first steps in the 3D engineering pro-
cess development by utilizing established process Development group. The group, 
mainly consisting of key stakeholders of the Support organization, creates good prereq-
uisites for the effective development of the process. The roles and responsibilities within 
the group are distributed in efficient way. Development ideas and needs are prioritized 
according to urgency and roles for implementation defined for each new task. At the 
same time, monthly conducted meetings with documenting of solved issues, tasks under 
implementation and overview of upcoming software releases allow to improve commu-
nication within the company, which, along with the collaboration, is not at a sufficient 
level, as discussed next. 
3.5.2 Weaknesses 
Based on the results of the analysis, the illustrated fishbone seen in Figure 4 presents 
two types of weaknesses. This study focuses on the weaknesses marked in red. The 
weaknesses marked in black either refer to another project of the company or their con-
sideration requires a deeper and separate analysis. Nevertheless, these weaknesses 
are taken into account during the recommendations for further development in Section 
7.  
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As seen from Figure 4, there are two defined weaknesses related to Communication. 
Following the results obtained during the CSA, was revealed that the Support organiza-
tion is not transparent to all stakeholders. In the case company, not all engineers are 
sufficiently aware of its existence. During participant observations and conversations 
with engineers in Asynchronous machines engineering department, it became obvious 
that the absolute majority does not have information about 3D key- or super-users and 
their responsibilities in the process. The company also does not have a support structure 
with a description of roles and responsibility areas available for all users. As a result, 
during difficult situations search for support can take a long time, which negatively affects 
engineering processes, making them cost-ineffective. At the same time, there is a risk of 
incorrect or illogic use of the software by less experienced engineers due to inaccessi-
bility of support. 
In the case company, there is also a gap in communication between R&D and mechan-
ical engineering departments. The initial lack of collaboration and cooperation in terms 
of 3D modeling compromises the effectiveness of the engineering work carried out in the 
mechanical engineering departments. Insufficient familiarization with the principles of 
used 3D models by different departments entails misunderstanding. This gap in commu-
nication between the departments has negative effect on almost all areas of the process, 
visible for example in the creation of identical data and unsuitable 3D modeling solutions. 
Several weaknesses in terms of resources (see People) were revealed which also di-
rectly affect cooperation. Both, Synchronous and Asynchronous mechanical engineering 
departments perform similar tasks with regard to engineering, differing only in the type 
of products. Despite the relatively small use of 3D technology, at the moment at least 
seven engineers are forced to use 3D in some way in Asynchronous machines depart-
ment. At the same time, in Synchronous machines and R&D departments all engineers 
use the software and 100% of new products designed nowadays in 3D. Due to a lack of 
3D CAD key- or super-user positions in Asynchronous machines mechanical engineer-
ing department, representatives of the department do not participate in Development 
group. Thus, the cooperation with other departments is practically absent in terms of the 
3D engineering process. As a result, the engineers of the department cannot influence 
decision making or take part in the development of the process. Therefore, internal pro-
cesses and features of this department are not taken into account putting at risk the 
effective development of the 3D engineering process. 
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In addition, the development of the process also suffers from a lack of resources for 
implementing development tasks. Basically, the company has named key- and super 
users who are responsible for instruction and process description writing, and staff train-
ing but their time is not sufficiently resourced for implementing these tasks as follows 
from the review of documentation and interviews: 
In fact, not enough resources that would develop the process. Instructions, process 
descriptions etc. are still very much not done. Everyone just does something for 
what there is time. (Super-user, Synchronous machines)  
It is good that they have been defined (Roles). But in reality their hours are not 
resourced. They do not have a time for completing development tasks. Focus is 
on giving support but not on development. (Global application owner, R&D) 
As seen from the comments above, the main task of the responsible persons is mechan-
ical engineering. For performing development tasks they are forced to look for free time 
between engineering projects. As a result, such use of resources makes the process of 
development slow and inefficient. 
Next, as seen from Figure 4, the absolute majority of weaknesses refers to Methods. 
First of all, there is a lack of a complete list of instructions. The situation is complicated 
mainly by three main factors. First, as was discussed previously, insufficient resources 
for process development and therefore for creating of instructions. The second factor is 
a large number of product variations and design approaches. Creating of separate in-
structions for each design is a laborious and long process. The absence of a defined and 
described common approach makes it practically impossible to write instructions that 
would cover all possible approaches. This factor also seen as one of the weaknesses 
and is discussed later. The third factor relates to communication. Due to the lack of trans-
parency of the support chain in the company, many engineers do not even know about 
the existence of needed instruction. In particular, Asynchronous machines engineering 
department is not informed about the creation of new instructions and therefore does not 
actually use them. As a result, there is no feedback related to the existing and needed 
instructions from Asynchronous machines.  
The new software was introduced as a necessary action. The manufacturer announced 
the termination of old software’s technical support. Due to the urgent need to optimize 
the operation of the system with the new software, the general rules of working with the 
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new software were not specified. The new software has many functions and gives a large 
number of design options. The lack of common approach affects the quality of engineer-
ing work, components’ updating time and as a result the workflow becomes inefficient.  
This situation is complicated by a lack of basic process descriptions, process maps and 
description of organization structure in terms of the 3D engineering process. The current 
process has no description which makes it difficult for new employees and less experi-
enced engineers to start using the software. Basically, they are forced through trial and 
errors to seek solutions to various problems. It takes a lot of time and modeling solution 
does not always correct and as a result the model is not suitable for future using as a 
reference.  
Weakness areas related to tools, such as complexity of the system and a large number 
of engineering tools, complicate the process by forcing designers to move from one tool 
to another, not allowing to focus on the performing task. Different programs allow to per-
form a wide range of tasks, but at the same time making the process more difficult, es-
pecially for new employees. 
Finally, the lack of common approach, cooperation and resources lead to one of the most 
invisible but significant problems, lack of data harmonization and creation of identical 
data. Historically, engineers are quite independent in terms of data creating. Additional 
items, drawings, 3D models of basic components, assemblies of final products are nec-
essary parts of engineering work. Each created item remains in the system forming a 
mass of data. The engineers create new data when needed data cannot be found. Due 
to a lack of common standards the search attributes, type and name of identical compo-
nents may differ. That leads to the creation of several copies of identical data in the PDM 
system. The data is later used in different assemblies/structures which makes it ex-
tremely difficult to update or change components, since this will affect all places where 
the component was used. 
This endless creation of identical data is a wasted time that does not add any value to 
the product and complicates the operation of the system. The process of data creating 
is not regulated by anyone. Although the process of data approving in the system in-
cludes the checking of the items by 1-2 engineers, the 3D modeling approach, existence 
of identical items, naming and storage of data in most cases are not checked. Also, the 
absence of standard items’ 3D models, metrics, and lack of standard item libraries and 
33 
   
 
3D assemblies of standard products complicates the work of engineers and increase 
engineering leading time.  
 
3.6 3D Engineering Practices in the Another Company of the Case Organization 
As discussed previously in Sub-section 3.2, the Global Support organization supports all 
BU’s production units which use PDM and CAD systems, including 3D systems. Based 
on information gathered from interviews with Global application manager and Global ap-
plication owner, the differences between different organization’s companies are quite 
huge in terms of modeling processes. Additionally, each factory is absolutely responsible 
for own local processes, which makes data collection among all companies a long and 
time-consuming process. Nevertheless, 85% of the respondents mentioned during inter-
views and advised to contact a certain company that belongs to another production group 
but uses the same PDM and CAD systems. According to the information received in the 
analysis, the second company was able to achieve much greater progress in terms of 
3D engineering process, than the case company. To familiarize with the practices of 
these company, it was visited and a meeting was held with one of key stakeholders di-
rectly involved in the development and improvement of the process. 
Initially, it is important to note that the ability of another company of the case organization 
to develop the process and systems is much simpler than in the case company. Because 
the factory is practically separate and belongs to the global environment only partially, it 
can make decisions much more quickly and not affect global processes. Also the prod-
ucts and internal standards of the departments are significantly different from each other, 
so later described practices cannot be used directly in the case company. Nevertheless, 
the overall picture of the process can be comparable. To facilitate comparison and future 
decision-making, the findings are discussed according to the categories presented in 
Figure 4: environment, communication, people and methods, tools, and data. 
Environment, as shown on the basis of the interview, is developed and maintained quite 
effectively. The software was introduced for the company under the same circumstances 
as in the case company, that is, urgently and as necessary action. Similarly with the case 
company, the factory created internal process development group, consisted of key 
stakeholders from different parts of the company. Development of the process was 
34 
   
 
started from the most important things and then went to smaller sub-topics. The group 
also included a representative of an external consulting company due to its extensive 
and rich experience in the field of 3D technology and process development. At the mo-
ment the consulting company is still actively involved in the development and support of 
the process. For example, the company has a permanent consultant, whose task is to 
create complex parametric assemblies for automation of engineering processes. 
Communication, based on the information received, is at the desired level. The interest-
ing finding here is a former similar problem with communication between R&D and other 
departments. The structure of these company is relatively the same in comparison with 
the case company, so the unit also has a R&D department, who defines a standard 
structure of the products. Mutual understanding in the 3D process was not achieved ini-
tially, which influenced the quality of the performed work. Later the communication was 
improved through key users in different parts of the company. Their task was to convey 
information about common 3D engineering practices and explain the reasons for such 
use of the software. In this way, a dialogue was achieved between users from different 
departments that, for example, helped to achieve mutual understanding in the sense of 
the applied modeling techniques. 
Resources were determined according to the need. It should be noted that the main part 
of the Development group consists of actual software users, that is, engineers. The time 
for performing development tasks was also resourced for each member of the process 
individually, together with heads of departments. According to the Informant 6: “People 
must be reserved for doing things. The process does not come by itself. It takes time and 
action.” 
Data and tools are one of the areas on which the unit has concentrated particular atten-
tion. The company has made a considerable job in terms of data harmonization, creating 
new models originally designed correctly, removing old ones and creating component 
libraries. At the moment, according to the Informant 6 (Data 1), the company have 98% 
of data harmonized that along with the invention of special built-in library applications 
helps conveniently use the standard items which helps to perform engineering work more 
effectively.  
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Methods are seen as one of the strongest sides of the company. The company does not 
have a description of the 3D process as such, but has a large number of common in-
structions that are suitable for using by different departments. 3D engineering made in 
accordance with the generally accepted rules and techniques, which are also verified 
during checking. The process of data creation and control requires special attention. 
Certain engineers are responsible for creating certain standard or complex models. 
Some types of 3D models are tested to use the correct modeling techniques. All this 
affects the quality and quantity of created data. 
Collected during the interviews information, along with detailed analysis of the weak-
nesses and strengths of the case company, allows seeing the difference in processes. 
The next sub-section summarizes the key findings of the current state analysis. 
 
3.7 Key Findings from the Current State Analysis 
After the individual strengths and weaknesses were analyzed and categorized according 
their specificity, they were summarized into categories, forming key findings. The key 
findings are presented in Figure 5. 
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Figure 5. Strengths and weaknesses of the current 3D engineering process. 
As seen from Figure 5, there are two key strengths and three key weaknesses in terms 
of the current 3D engineering process. The first key strength is availability of local and 
global support in the case company. The support is available through web-based, intra-
net platform and supporting staff. There is an opportunity to impulse development ideas 
related to PDM and also CAD systems and utilize more contacts with the 3D software 
supplier and consulting company. Consulting with Support organization during the deci-
sion making processes positively affects the environment, which also affects communi-
cation through second key strength, established development working group. Attempts 
to develop the process through the working group have a positive impact on the improv-
ing experience of employees and internal knowledge of the company. According to all 
respondents, the process is currently working much better than a year after the software 
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introduction. The development continues but not so effectively that gradually leads to key 
weaknesses. 
The first key weakness is the inefficient distribution of resources in terms of 3D engineer-
ing process development. Lack of resources and allocated time for implementation of 
development tasks is an obstacle on the way to an effective process. Also, the absence 
of defined roles and responsibilities in Asynchronous machines engineering department 
has a negative impact on the user-support, affecting the quality of work and communi-
cation.  
The second key weakness is a lack of defined workflow. Currently, there is a lack of 
instructions, process descriptions and common approach. These shortcomings have di-
rect effect on quality of performed engineering work, seen in unsuitable modeling solu-
tions and data quality and amount.  
The last key weakness is lack of collaboration and communication. This weakness in-
clude unawareness of Asynchronous machines department about development cases, 
ideas and decisions, gap in communication between departments and non-transparent 
support chain. All these shortcomings have a direct impact on operational activities of 
the company compromising the principles of effective work. 
As can be seen from the key findings, the main strength area of the process is the Envi-
ronment. However, due to the lack of resources and communication, this strength cannot 
be fully utilized. From the technical part of the process, most of the weaknesses are 
related to the Methods, which per se does not provide the prerequisites for an efficient 
process. As the current state analysis ends with the most important findings, the thesis 
continues to the literature review that focuses on finding best practice, ideas and solu-
tions for the selected weaknesses.  
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4 Best Practice of Engineering Process Development 
This section overviews the theoretical background of engineering process development. 
Due to the wide availability of techniques, variations, and theories related to the theme, 
the section discusses topics of the existing knowledge, which relate to the main findings 
of the CSA. The section includes discussion on the main theories and methods of pro-
cess development and subsequently covers specific areas of literature, such as process 
workflow, process roles and responsibilities, collaboration and effective communication 
in organizations. The linkage between these areas and critical weaknesses of the original 
process can be observed in Sections 3 & 4.  
 
4.1 Approaches to Mechanical Engineering Process Development 
Mechanical engineering is a diverse field that encompasses a vast number of practices, 
principles, standards, innovations in the development of mechanical systems. Engineer-
ing covers the possibilities of solving problems that provide and optimize safe, sustaina-
ble solutions for the design, manufacturing, and operation of machines, devices, tools, 
etc. (Imeche.org, 2018.) In this process, the mechanical engineering companies, depart-
ments and teams work closely with other environment’s participants while performing 
specific tasks to solve customer’s problems (Ullman and David 2010: 67-68). In other 
words, the practical process of mechanical engineering is a set of completed tasks for 
the established goal as a result of clearly defined and correct prerequisites provided by 
all the parties involved.  
According to Sharp and McDermott (2009), a business process is “a collection of inter-
related activities, initiated in response to a triggering event, which achieves a specific, 
discrete result for the customer and other stakeholders of the process” (Sharp and 
McDermott 2009: 56). Therefore, mechanical engineering can be considered as a busi-
ness process. Thus, in the development of engineering processes, the same practices 
and canons can be utilized as in the development of other business processes, depend-
ing on the process’s type and nature of the environment.  
Due to continuous pressure from evolving market demands, global competition and need 
for innovation engineering processes forced to be improved utilizing emerging and exist-
ing technical solutions (Khan et al. 2013: 1-2). As a result, changing environment, activ-
ities, tools, and products may create many problems with the processes. The problems 
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may arise if something new is done and there is no process as such, process is not 
followed, or the process is not good enough to perform the tasks. (Martinsuo and 
Blomqvist 2010: 4-5; Blomqvist 2017.) There are different solutions and tools used to 
eliminate different types of problems. The decision on the process development ap-
proach is of critical importance before going any forward. The development of a process 
involves many methods, but in case a company does not abandon or outsource the pro-
cess, there are only two possible courses of action which are “improve” or “redesign”. 
(Sharp and McDermott 2009: 320).  
For the last several decades, various approaches of how to develop processes have 
emerged (Martinsuo and Blomqvist 2010: 4-5). The most popular and used by many 
large enterprises approaches are Business Process Re-engineering (BPR), Total Quality 
Management (TQM) and Six Sigma. The core of the BPR theory lies in a radical restruc-
turing of business processes to achieve the established goal. TQM approach focuses 
more on a continuous process of development, taking into account more broadly internal 
or external customers’ expectations. Six Sigma is a set of methods and practices, the 
purpose of which is, as well as TQM, to systematically improve the process. In contrast 
to the TQM, Six Sigma more carefully emphasizes the individual stages of the process, 
mainly focusing on the quality of the output. (Davenport 2005: 1-2; O’Neill and Sohal 
1999: 571-576; Smart, Maddern and Maull 2009: 491-498; Sharp and McDermott 2009: 
6.)  The main characteristics and differences of these three approaches can be seen 
from Table 10. 
Table 10. Comparison of BPR, TQM and Six Sigma characteristics (created from: Davenport 
2005: 1-2; O’Neill and Sohal 1999: 571-576; Smart, Maddern and Maull 2009: 491-
498; Sharp and McDermott 2009: 6).   
Characterictic Business process re-engi-
neering 
Business process continuous improvement 
TQM Six Sigma 
1. Level of 
change 
Radical Redesign and inno-
vation 
Incremental change and 
improvement 
Alighting and maintain-
ing 
2. Deployment Top-Down Bottom-Up Top-Middle-Down 
3. Type of change Cultural and structural Cultural Cultural 
4. Goal Streamlining Small-scale improvements Alighting 
5. Relative risk High Low Low 
6. Tools Process maps Statistical control Statistical control 
7. Scope Cross-functional Narrow All-embracing 
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As seen from Table 10, the approaches offer different practices of how to improve/re-
engineer the process. Nevertheless, despite the initially different cores of re-engineering 
and continuous improving approaches, they can co-exist in the same environment inter-
acting with each other and strengthening their practices. Moreover, O’Neill and Sohal 
(1999) emphasize that for example, BPR is less likely to succeed outside Total Quality 
Management approach because it uses TQM methods, processes, and customer orien-
tation to provide additional parameters. If the process is developed on a one-time basis, 
without the training, experience and organizational infrastructure used in TQM, it can be 
expected that the organizational resistance will be greater than in the culture where the 
planned and continuous quality changes are used. (O’Neill and Sohal 1999: 576.) Sharp 
and McDermott (2009) are also argued that the process re-engineering and continuous 
improvement had merged and are not separate approaches anymore. As O’Neill and 
Sohal (1999) noted, many authors suggest that the company can succeed in the case of 
using process re-engineering techniques if they do not undermine the foundations of 
continuous improvement. Some authors at the same time argue that both types of ap-
proaches can be used in the same company at different periods of time for achieving 
desired levels of performance improvement. (O’Neill and Sohal 1999: 576.) 
As a result of this discussion, it can be concluded that there is no right answer of what 
set and balance of tools, parameters, and techniques can guarantee an optimal devel-
opment of a process for a company. Processes, as well as companies, differ in nature, 
type and scope. Nevertheless, as seen from Table 10, all three described earlier ap-
proaches include cultural change as one of the characteristics. Organizational culture 
framework, developed by Quinn and Rohrbaugh (1983) was repeatedly used to study 
the interrelationship of organizational culture and various approaches for process devel-
opment. Figure 6 below shows effectiveness of approaches depending on the culture of 
the organization. 
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Figure 6. Effectiveness of approaches depending on the culture of the organization (adapted 
from Quinn and Rohrbaugh, 1983; Kappos and Croteau, 2002; Maroofi, Nazaripour and 
Maaznezhad, 2012; Gimenez-Espin, Jiménez-Jiménez and Martínez-Costa, 2013). 
As seen from Figure 6, all three mentioned earlier approaches are effective in case of 
group culture. Referring to the possibility of methods’ merging it looks like in the case of 
a group culture presence, all three approaches can be efficiently used by an organization 
without incurring contradictions during process development. Additionally, the culture of 
any company is heterogeneous in its nature. Therefore, the company may use different 
elements of different types of culture, creating a unique organizational environment. Con-
sequently, it seems like a company that focuses on teamwork and innovation supporting, 
while at the same time reasonably allocates resources and defines roles and responsi-
bilities to maintain control and stability, has an excellent opportunity to efficiently and 
correctly rebuild its processes and support their continuous improvement.  Summarizing 
the above arguments, it can be concluded that depending on the type of process, organ-
ization and the desired result, a company, developing a new process or improving the 
existing process, can utilize various tools, scope, and resources and succeed in case of 
focusing on flexibility, internal and external customer, continuous development and 
teamwork. 
Summing up, a business process includes a set of interdependent activities established 
to perform a specific task. Therefore, defining the process workflow, or sequence of ac-
tivities, is of critical importance for improving organizational performance. The necessary 
practices for determining the efficient workflow are discussed next.  
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4.2 Defining the Process Workflow 
Every process in a company has its specific purpose, its place in the organizational hi-
erarchy, the ultimate goal and affects the overall system in its own way (Sharp and 
McDermott 2009: 56). Different approaches to process development are always in one 
way or another focused on the customer. A clear vision of who is the key customer in a 
particular process is crucial in determining the workflow. (Martinsuo and Blomqvist 2010: 
5, 11.)  
There are two types of customers, which are internal or external. External customers 
more often are customers who buy company’s products or services or end users. Internal 
customers are employees, teams or other stakeholders that interact within the company 
as a regular part of their roles and responsibilities. Since the external customer plays the 
most significant role in the meaning of the business, the processes in which these cus-
tomers are directly involved are called core or operational processes. Most companies 
have 5-7 core processes, which are for example customer process, including customer 
acquisition or service process, including service development and delivery, etc. (Sharp 
and McDermott 2009: 57-60). At the same time, engineering processes of the company 
can be listed into several core processes. For example, the development of a new prod-
uct under the product process and order engineering under delivery process. Defining of 
core processes play a significant role before process modeling stage, as in the matrix 
organizations, the process may require resources from all departments of the company 
(Martinsuo and Blomqvist 2010: 6).  
Core processes are served by supporting processes, such as technology, HR, finance 
support (Bitici et al. 2011: 3). Core and supporting processes, in turn, consist of the main 
processes that can be divided into several vertical or horizontal sub-processes depend-
ing on the organizational structure. Since supporting processes almost always serve in-
ternal customers and core processes serve external customers, the importance of cus-
tomer orientation is seen throughout the entire process hierarchy. (Martinsuo and 
Blomqvist 2010: 6; Sharp and McDermott 2009: 60-61.)  For example, in the case of an 
inefficient servicing of an internal customer, there is direct effect on the whole chain of 
the core process, which in turn can affect the satisfaction of the external customer or the 
end user.  
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As noted by Bitici et al. (2011), in addition to the supporting and core processes, there is 
a third important type of processes, which is managerial. Managerial processes serve 
core and support processes. But while core and supporting processes are responsible 
for present performance, managerial processes sustain long-term performance by set-
ting direction, monitoring, and control. Bitici et al. defined five types of managerial pro-
cesses, which are managing performance, decisions making, communications, culture, 
and change. (Bitici et al. 2011: 853-854.) Their interconnectedness will be discussed 
later in Sub-section 4.4. 
Sharp and McDermott (2009) look at the concept of process from the point of views of 
enablers and drives. According to this concept, any business process has enablers, 
which “enable” process to perform efficiently. Therefore, the process will never perform 
optimally until all enablers provide the prerequisites, including effective interaction with 
each other. There are six identified enablers which are the workflow design, information 
systems, motivation and measurement, human resource, policies and rules, and facili-
ties. Additionally, according to the concept, business processes support the organiza-
tion’s strategy, objectives, and mission. They in the same time drive business processes 
in a correct direction. (Sharp and McDermott 2009: 69-71.) Combining the two concepts 
presented by Bitici et al. (2011) and Sharp and Mcdermott (2009) some common features 
can be observed. The combination of the concepts is illustrated in Figure 7 below. 
 
Figure 7. Interconnection of processes in context with drives and enablers (adapted from Sharp 
and McDermott, 2009; Bitici et al., 2011). 
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As seen from Figure 7, while enablers support a whole system, process drives interact 
with the system through managerial processes. This makes processes’ interaction chain 
longer, increasing the number of variables. As a result, in the case of the need to develop 
core or supporting processes, it is also necessary to take into account the characteristics 
and condition of managerial processes and make sure they comply with business mis-
sion, objectives, and culture. 
Before making process improvements, the current state and maturity of a process need 
to be defined. There are several practices of how to evaluate the condition of business 
processes, including checking of process maturity and enterprise capability. PEMM (The 
Process and Enterprise Maturity Model) framework, presented by Hammer (2007) is a 
handy tool for assessing the maturity of individual processes, regardless of their type. 
The tool also helps to evaluate capabilities of the company, which is also a particularly 
important aspect during setting of process’s characteristics. Defining of the process’s 
characteristics, including setting of goals, requires explicit recognition of the company’s 
capabilities and maturity of processes that are in the hierarchy at a position higher than 
the process being developed. In the case of insufficient maturity of core, managerial or 
support processes established high requirements just cannot be fulfilled that affect the 
overall performance of the company (Hammer 2007: 113-119.)  However, PEMM frame-
work is not in itself a road to the successful development of the process. This model 
offers the necessary prerequisites for successful defining of process characteristics and 
workflow modeling.  
Once the company has identified the key processes and evaluated the prerequisites from 
the process system side, the next step in defining the workflow is to determine process 
characteristics (Sharp and McDermott 2009: 323). Process characteristics can be de-
scribed using a process matrix, or described in writing as a standard document. Regard-
less of the technique for describing the characteristics of the process, there are neces-
sary rules for their definition and evaluation before modeling of the workflow can be 
started. First of all, the influence of each proposed characteristic is evaluated in the con-
text of each of six enablers to persuade the absence of negative impact on them (Sharp 
and McDermott 2009: 325). Second, process’s objectives and goals are established 
both, short-term and long-term and third, they are interconnected with company’s strat-
egy to avoid possible conflict within the organizational objectives (Martinsuo and 
Blomqvist 2010: 7, 23; Hammer and Stanton 1999: 117; Sharp and McDermott 2009: 
72). 
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When the main chain of activities and the hierarchy of processes is transparent, the 
company's capabilities and process characteristics are defined, the process can be 
mapped utilizing different approaches, such as task matrix, flowchart, diagram or textual 
instruction. Regardless of method the primary target of process mapping or modeling is 
to map the entire process, which starts and ends with the customer, for determining what 
steps need to be taken, and what tools and systems need to be used to fulfill internal or 
external customer expectations. (Martinsuo and Blomqvist 2010: 14, 19.) 
Sharp and McDermott (2009) advise modeling an “ideal” process regardless of internal 
or external constraints, which will subsequently be revised in accordance with the condi-
tions of the real environment. The “ideal” picture can create a perfect model that can be 
a target for aspiration. (Sharp and McDermott 2009: 340). In case the process needs to 
be developed for several departments, the ideal process can be considered regarding 
standardization of the process. The process standardization topic is touched upon in 
many process development literature. Since the 90s, there has been an opinion in the 
literature that it is necessary to standardize as many processes as possible if this does 
not contradict various needs of the customer. Indeed, this approach offers many benefits. 
Standardization can facilitate the exchange of information on how the business operates, 
provide a smooth transition between the boundaries of the process, increasing the flexi-
bility and plasticity of the organization. (Hammer and Stanton 1999: 114; Davenport 
2005: 100-101.) Therefore, the approach can also has a positive effect on the efficiency 
of the development of the process.  
But as practical experience shows, not all processes work in the most efficient way if 
they are standardized. The need for standardization or diversification can be assessed 
using a simple rule described by Hall and Johnson (2009). According to their theory, in 
the case of low variability of the process environment and a positive value of output var-
iation to the customer, standardization can positively affect the workflow. Accordingly, if 
the environment has a high output variability, the diversification of process is more fa-
vorable for the organization. In this situation, it becomes essential for the company to 
invest in providing employees with skills, judgments, and cultural assessments in order 
to succeed in variable conditions. (Hall and Johnson, 2009). This can be achieved 
through methods of the continuous improvement described earlier in Sub-section 4.1. 
Summing up, effective development and support of the process require a high level of 
communication and collaboration that cannot be achieved without clearly defining roles 
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and responsibilities for specific tasks. Next, the popular techniques and theories of de-
fining roles and responsibilities will be discussed. 
4.3 Setting the Process Roles and Responsibilities 
The development of processes important to the effectiveness of the company includes 
detailed modeling of the workflow with the allocation of necessary resources for efficient 
performing of the tasks (Sharp and McDermott 2009: 56). This is especially important in 
matrix organizations with multi-tasking processes, where, as was mentioned earlier, re-
sources may be needed from several departments. Resources do not always mean a 
person. A resource can also be a whole company, an information system, a department 
or a team. (Martinsuo and Blomqvist 2010: 6.) Regardless of the type of resource, trans-
parency of its role and a clear description of responsibility are necessary prerequisites 
for an effective performing of the work. As actual performers of the process’s tasks can 
also be internal customers of the company, the definition of their roles and responsibili-
ties and adequate allocation of resources is also an integral part of the development 
process.  
Since the re-engineering and continuous improvement of the process itself require re-
sources, identifying of key stakeholders is one of the first steps to the proper allocation 
of resources. In some cases external suppliers can be used to develop the process, but 
usually, the use of internal resources is more efficient. The use of external resources 
requires money investments and their supply is always limited. Using internal stakehold-
ers helps to better understand the process from the internal customer’s point of view, 
also developing organizational knowledge. (Martinsuo and Blomqvist 2010: 6.) Many au-
thors of BPR literature, recommend the availability of such resources as senior manager, 
steering group, process owner, team leader and redesign team during the process re-
engineering, followed by the elimination of groups and the dispersal of roles among em-
ployees. In the case of the urgent need to develop a process in a matrix organization, 
this can affect the work processes quite dramatically, affecting the overlapping of roles 
and responsibilities, and a lack of understanding of the new environment. (O’Neill and 
Sohal 1999: 578-579.) By combining both, process re-engineering and continuous im-
provement approaches, the initial distribution of roles and responsibilities among actual 
performers with a focus on continuous improvement and process support by established 
process teams look more favorable. 
47 
   
 
Key stakeholders, as well as other types of resources, can be identified during the pro-
cess mapping. Described workflow allows defining process customers and performers. 
The definition of the necessary roles for performing the various process’s activities is the 
first step towards determining the needed resources. They help to present the workflow 
in a more detailed format. (Bijwaard et al.: 2000: 3.) One of the many techniques for 
defining and efficient allocating of resources is the classification of resources. The clas-
sification can be followed by the definition of process groups and owners. This also al-
lows to increase the efficiency of supporting and managerial processes. 
In particular, the classification of resources plays a significant role in the organization, 
where the process is developed for several units, departments or groups. In this case, 
there is a need for coexistence of vertical and horizontal process structures in the context 
of partnership. One of the most convenient and popular techniques for resource classifi-
cation is Petri Nets (PN). PN is a graphical and mathematical modeling and simulation 
tool utilized in project management. The classification of resources based on the PN 
principle is simple and efficient. This technique allows classifying roles on the basis of 
different tasks both in the context of one department or group, and the whole organiza-
tion, including individual organizational units. Figure 8 below represents resource speci-
fication for performing four user tasks in the context of one organizational unit. (Aalst 
1998: 21-22, 48-49.)  
 
Figure 8. Resource specification utilizing Petri Nets principle (Aalst, 1998: 28). 
As seen from Figure 8, there are several roles in one unit, clearly marked on a simple 
map. As seen, resources combined into groups can have a different level of responsibil-
ity. So, for example, support staff is formed by two specifically identified persons and two 
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combined, which also have a second role. Thus, the work of the support staff includes 
direct interaction with the process personnel. If necessary, the combined roles can con-
sist of a larger number of roles (Aalst 1998: 46). An example of a combination of roles 
and processes in the context of various organizational units can be seen from Figure 9 
below.  
 
Figure 9. Resource classification in the context of various organizational units. (Aalst, 1998: 29). 
As shown in Figure 9, the roles include resources from several units. Thus, the number 
of resources allowed to perform the tasks can be reduced, while simultaneously achiev-
ing a balance between the distribution of roles among units, control under the process 
and improving communication (Aalst 1998: 50). Despite the intersection of roles, the or-
ganization becomes more plastic as a result of simultaneous monitoring of certain areas 
of responsibility by several players. Additionally, improved communication can allow the 
use of both formal and informal types of communication. 
Despite the obvious advantages of this method of resource allocation, the question 
arises of how to manage the created groups. To coordinate them, companies usually 
define responsible persons, described by different authors as process owners or man-
agers. These responsible persons are seen as champions of the process, having real 
responsibility and authority over making decisions about control and continuous improve-
ment of the process. Their direct responsibilities include measuring of process perfor-
mance and training of employees who perform the tasks. (Smart et al. 2009: 14; Hammer 
and Stanton 1999: 111-112.) The owner of the process, nevertheless, does not have the 
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authoritative ability to determine the resources in the context of several units and there-
fore is forced to manage the process, closely collaborating with heads of these units and 
organization. In the case of the existence of several horizontal processes, the owner of 
the process usually interacts with other owners, forming steering or improving commit-
tee. (Hammer and Stanton 1999: 111-112.) Using these committees, it is possible to 
build mutual understanding and collaboration, for example, between several units of the 
company. 
The existence of different types of groups, teams, and roles for the development, sup-
port, and performance of the process, in addition to their definition, requires clear rules 
for decision making. These rules are determined not only for the effectiveness of the 
units, but also for the overall environment. (Hammer and Stanton 1999: 111-112.) By 
establishing the rules, the development and support of the process take place in the most 
appropriate way, taking into account all stakeholders. There is a huge amount of matrix 
tools for visualizing roles and responsibilities. Most of them were created on the basis of 
RACI principle. The original tool represented as a matrix with roles or names in one plane 
and tasks in the other. The matrix cells fit the participation of various roles in the perfor-
mance of tasks or results. There are four responsibilities in the main method, which are: 
Responsible, Accountable, Consulted, and Informed. (Kesler, 2016.) One of the most popu-
lar versions of this principle is RAPID (Recommend, Agree, Perform, Input, Decide), devel-
oped by Bain & Company. The responsibilities of these methods described in the table below. 
Table 11. RACI and RAPID method’s responsibilities description (Adapted from Rogers and 
Blenko, 2006; Blomqvist, 2017). 
Method Responsibility Description 
RACI Responsible Those who do the work to complete the task. 
Accountable Ultimately answerable for the correct completion of the task. Delegates the 
work to Responsible 
Consulted Individuals, to be consulted prior to a final decision or action 
Informed Those who are kept up-to-date on progress, needs to be informed after a de-
cision or action is taken. 
RAPID Recommend Those who are responsible for making a proposal, gathering input, and 
providing the right data and analysis to make a sensible decision in a timely 
fashion.  
Agree Those who have veto power over the recommendation. Exercising the veto 
triggers a debate between themselves and the recommenders, which should 
lead to a modified proposal.  
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Input Those who are consulted on the decision. Because the people who provide 
input are typically involved in implementation, recommenders have a strong 
interest in taking their advice seriously. 
Decide Those who are formal decision maker. Ultimately accountable for the deci-
sion, and has the authority to resolve any impasse in the decision making pro-
cess and to commit the organization to action. 
Perform Once a decision is made, a person or group of people will be responsible for 
executing it. In some instances, the people responsible for implementing a de-
cision are the same people who recommended it. 
As seen from Table 11, both of these methods offer similar practices for defining respon-
sibilities. The organization can use any variations of the tools that it considers appropriate 
for the processes. Nevertheless, these methods have some risks. Firstly, it is the risk of 
the emergence of several responsible persons and the uncertainty of who ultimately must 
make the final decision. Secondly, the excessive spread of the right of veto. Too many 
people with the right of veto can lead to a situation where proposal will never be brought 
to the stage of implementation. (Rogers and Blenko, 2006.) And finally, as Kesler (2016) 
noted, this is the excessive simplicity of these tools for complex decisions. 
The RACI type tools can be convenient for the initial definition of roles and responsibili-
ties. Nevertheless, as Kesler (2016) suggests, the final definition of responsibility in ma-
trix organizations requires the use of practices for establishing a dialogue by defining a 
common direction, strategic goal, depending on the operational model of the processes. 
These prerequisites for the effective development of the process can be achieved 
through improvement of collaboration and communication skills of the company, which 
will be discussed next. 
 
4.4 Improving Collaboration and Efficient Communication in Organizations 
Effective implementation of the process and the work of the organization and manage-
ment systems require consistent communication and collaboration (Martinsuo and 
Blomqvist 2010: 10). The creation of collaborative and communicating organizations for 
a long time worries many authors and the organizations themselves. Earlier, in the Sub-
section 4.2 was mentioned the interconnectedness of managerial processes. Returning 
to this topic, Bitici et al. (2011) based on the analysis of different companies identified 
five management processes, such as managing performance, decision making, commu-
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nication, culture, and change. As further research showed, increased attention to com-
munications and culture has a positive effect on other managerial processes, thereby 
increasing the efficiency and productivity of the company. (Bitici et al. 2011: 8-10.) This 
observation and the finding from the Sub-section 4.1, where the effectiveness of various 
development approaches in group culture was revealed, emphasize the improvement of 
communications as one of the fundamental prerequisites for organization’s efficient per-
formance. The development of communication and teamwork is especially important in 
high-tech companies, such as engineering companies (Ullman and David 2009: 67). 
These companies conduct their work in close contact with many parties. Therefore, 
teamwork is the center of success in carrying out tasks. 
As discussed in the previous sub-section, the definition of horizontal roles in the context 
of several vertical organizational units also allows improving the communication. In this 
case, the managers of both vertical and horizontal groups contribute to the development 
of communications facilitating internal information flow and external communication. Ex-
ternal communication usually refers to the exchange of information with an external cus-
tomer or a service provider. (Bitici et al. 2011: 7.)  In some cases, this type of communi-
cation includes benchmarking, which can also be conducted internally. In this case, good 
practices and ideas can be found, for example, among company’s other units, even if 
their processes radically differ from each other. (Klaus and Kumta 2014: 296-267.) Inter-
nal communication refers to the exchange and sharing of information between the per-
sonnel of the company, the group, the team etc. (Bitici et al. 2011: 7). So, for large or-
ganizations with high-tech products, the development of both external and internal com-
munications is key in accumulating experience. 
In companies where knowledge and experience play a significant role in the effective-
ness of processes, it is especially important to develop both cross-functional and vertical 
communication by using common interest and teamwork principles. The principles state 
that collective creation and transfer of knowledge can be successful only in the case of 
established common interests, common data filling and organization practices, including 
formal and informal types of cooperation. Established common interests bring together 
people, different teams and groups, helping to exchange experience, and knowledge. 
(Klaus and Kumta 2014: 180, 237.) As noted by Ullman and David (2009), the paradox 
of engineering companies is in use of formal and informal forms of communication. Any 
communication begins with informal discussions or conversations. Therefore, there is a 
risk that the obtained information can be undocumented. This, in turn, can lead to loss 
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of information or its inadequate processing in the form of missing documents, standards 
or instructions. (Ullman and David 2009: 137.) This in turn can complicate improving of 
the process and disrupt the morale of young employees. To eliminate this risk, it is im-
portant to have established practices for documenting and distributing information. 
(Staats and Upton 2011: 108-119.) Informal communication, supported by formal com-
munication, creates strong alliances of workers, possessing considerable abilities to 
solve problems and complex tasks (Klaus and Kumta 2014: 99). These informal teams 
can strengthen the common eagerness to develop, reinforcing the internal interaction 
favorably affecting the quality of the performance of the processes. 
All that flows between activities of processes, including the interaction between pro-
cesses, is information (Bitici et al. 2011: 12). Information is formed by the connection of 
data with meaning (Klaus and Kumta 2014: 33). Thus, information can be correctly inter-
preted only with the adequate data and clear rules for its filling and processing methods. 
In modern organizations, the use of databases and software modules is an effective so-
lution for rapid exchange and storage of data (Hammer and Stanton 1999: 111). This, in 
turn, improves the cooperation and collaboration of the various units of the company. 
Thus, the basic prerequisite for their development is correctly presented information, in 
the right place and at the right time. This allows companies to share accumulated best 
practice and knowledge with the further development of competence and competitive-
ness. (Klaus and Kumta 2014: 211, 296-297.) Nevertheless, companies may face the 
problem of finding information and its timeliness and reliability. To establish clear rules 
and control the flow of information, the company initially takes care of information man-
agement. 
The importance of information management is underlined by Klaus and Kumta (2014) as 
the first stage on the way to the maturity of the knowledge organization. The introduction 
of information, communication technologies and the provision of specific access to data-
bases and documents help to increase the transparency of the process. This leads to 
avoidance of double work and reduction of training time for new participants with a further 
improvement of the quality of products and services. (Klaus and Kumta 2014: 38.) Thus, 
by developing common databases, maintaining control over the creation and quality of 
data, the company can achieve desired cross-organizational communication level that 
will lead to active cooperation between different individuals, forming a formal and infor-
mal group of experts to maintain sustainable development and creation of innovative 
ideas. 
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The development of communication and collaboration in the organization also requires 
the establishment of a strategy and clear plan (Klaus and Kumta 2014: 151-152). First it 
is necessary to determine who will communicate. This can be done by establishing a link 
between the activities of different stakeholders and instruments to determine the roles 
and responsibilities described in the previous sub-section. Also, the frequency of com-
munication plays a huge role in the work processes of personnel. A significant amount 
of information can disrupt the concentration on more timely problems. At the same time, 
staff awareness can help to fix possible problems at earlier stages. This is the responsi-
bility of managers, to determine the balance between the necessary and the additional 
information, simultaneously developing a common understanding between the partici-
pants of the organization. (Staats and Upton 2011: 8.) Finally, after identifying key stake-
holders and content, to maintain cross-organizational communication and the prerequi-
sites for active collaboration, it is important to define the tools of communication. This 
may be mailing, cloud services, databases, and text messages. (Klaus and Kumta 2014: 
237.) A clear definition of the methods gives a clear picture of the communication culture 
of the company, which plays a huge role in large organizations with a significant amount 
and frequency of information flow. 
 
4.5 Conceptual Framework 
The purpose of this sub-section is to summarize the review of the described best prac-
tice, provide a brief description of the overall picture, and point to the tools and concepts 
that can be utilized for the practical process improvement later in Section 5.  
During the literature review, key ideas and concepts on how to develop the engineering 
process were identified. These findings were presented individually and further summed 
up, forming a conceptual framework. The framework provides a visual representation of 
the main aspects of the process development relevant in this thesis. The framework is 
shown in Figure 10 below. 
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Figure 10.  Conceptual framework for a process development in this study. 
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As seen from Figure 10, the conceptual framework includes three main elements of pro-
cess development. The absolute core element of the framework relates to defining the 
process workflow, which is supported by two equally important elements, such as setting 
roles and responsibilities and improving communication and collaboration. These two 
supporting elements, in turn, interact with each other through the core element, forming 
an active system for developing the necessary process. 
Defining of the process workflow, as seen from Figure 10, is formed by four sub-ele-
ments. The absolutely starting point of the core element is an identification of key pro-
cesses with subsequent checking of their maturity and the capabilities of organization. 
This is necessary steps, which need to be done before further definition of characteristics 
of the process with an adequate set of objectives, in accordance with the company's 
strategy. At this stage, it is also necessary to describe the influence of process charac-
teristics on various enabler for its effective operation. The final step in determining the 
workflow is to create a map of the ideal process, with subsequent corrections in accord-
ance with the capabilities of the company and the defined characteristics. The end point 
of this element is verification of continuous improvement of the process, which can be 
done utilizing two remaining elements. 
The next element of the framework relates to setting the roles and responsibilities. This 
element includes the definition of key stakeholders for various types of processes. Next, 
the resources for an effective operation, management and support of the process need 
to be determined using the classification of resources, followed by the definition of their 
individual roles and responsibilities. This section includes the use of popular tools for 
determining and grouping resources used in the development of business processes. 
The last element of the conceptual framework relates to improving the communication 
and collaboration. The element consists of three sub-elements, including interaction 
across organizational borders, knowledge sharing and communication strategy and plan-
ning. This element includes the definition and clear presentation of techniques and rules 
of communication with the simultaneous installation of communication management in 
the organization. This is a necessary prerequisite for creating an enabling environment 
for collaborative work and supporting the company's processes in constant development. 
To test the effectiveness of this model, it was applied to building the proposal for improv-
ing the 3D mechanical engineering process in the case company. The proposal was 
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created utilizing this model and data obtained from the company's stakeholders during 
the next stage of the study and will be presented and discussed in the next Section 5.  
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5 Building Proposal for 3D Engineering Process for the Case Company 
This section combines the results of the Current State Analysis (Data 1) and previously 
presented conceptual framework towards the building of the proposal using Data 2. First, 
this section overviews the proposal building stage to display the logic of its creation. 
Second, the section discusses findings from Data 2. Third, proposed improvements to 
the 3D Engineering Process are presented. 
 
5.1 Overview of the Proposal Building Stage 
During the CSA, several weakness and strength areas were identified regarding the cur-
rent 3D engineering practices in the case company. After the detailed analysis, they were 
summarized into larger categories to point to the key findings from the CSA investigation. 
The main three issues, identified during this stage, were (a) the inefficient distribution of 
roles and responsibilities for process support and development, (b) the lack of defined 
workflow, and (c) the lack of communication and collaboration between three depart-
ments. At the same time, the analysis showed that the case company has strong envi-
ronment, which cannot be utilized as a result of the abovementioned key weaknesses. 
Additionally, interesting findings from another company of the case organization were 
described. 
The focus for the process development in the next proposal building stage is aimed at 
correcting the identified weaknesses. The weaknesses were clearly reflected in the con-
ceptual framework represented by three closely interrelated elements, which are (a) de-
fining the workflow, (b) setting the roles and responsibilities, and (c) improving commu-
nication and collaboration. The conceptual framework was created on the basis of a re-
view of concepts, ideas, and theories of process development. With the help of most 
relevant elements to the topic, the conceptual framework guided developing the optimal 
structure for process in this specific case. 
The initial proposal was built in several stages. First, Data 1 field notes were re-examined 
to find the initial suggestions from key stakeholders, mentioned during the interviews. At 
this stage, relevant practices from another company of the case organization were also 
considered. During Data 2 round, they were discussed together with the stakeholders to 
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increase the reliability of the conducted study. Second, relevant practices and tools found 
from literature were presented to the Development group and other stakeholders with 
subsequent discussion and conducting the interviews. At this stage, the workflow design 
practices, Process and Enterprise Maturity Model, resource classification and RACI tools 
were utilized. Finally, the collected material, including the defined process characteris-
tics, goals and objectives was used as fundamental guides during the creation of the 
new process map, with subsequent determination of roles and responsibilities with a 
focus on efficient communication and collaboration. 
 
5.2 Findings of Data Collection 2 
Findings from the second data collection round guided the proposal building stage. Data 
2 consists from suggestions provided by key stakeholders during interviews, workshop 
and discussions. The suggestions deal with identified during the CSA weaknesses and 
relevant practices from literature. Since the conceptual framework addresses three key 
weaknesses of the current process, the suggestions were also divided into the same key 
areas. The main areas were defining process workflow, setting roles and responsibilities, 
and improving communication and collaboration. The results from Data collection 2 have 
led to the formulation of the initial proposal described below. 
5.2.1 Defining the Process Workflow 
Initially, before discussions with key stakeholders about possible suggestions, core and 
main processes related to the 3D engineering process were identified and illustrated as 
simple map, presented below.  
Figure 11 below shows the process structure of the case company in the context of the 
3D mechanical engineering process. The figure illustrates the interconnection of key hor-
izontal and vertical business core processes and location of the main process in the 
entire system. 
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Figure 11. Business core and main processes related to the 3D mechanical engineering process 
in the case company. 
As seen from Figure 11, there are two core processes related to 3D mechanical engi-
neering. The core processes are development of a new product and delivery process. 
These two processes have a common main process, such as mechanical engineering. 
The 3D engineering process is presented as a sub-process of the mechanical engineer-
ing process. Since realistic goals and objectives of the process being developed can be 
determined only in case of awareness about environment capacity, the maturity of the 
main process and maturity of the case company were identified with the help of PEMM 
tool, filled by key stakeholders. The filled tables can be found from Appendices 6-8. The 
results showed that the main processes in the case company are stable, reliable and 
predictable. The case company in the same time have some experience with teamwork, 
but for further development it is necessary to invest in the competence of employees, 
the integration of electronic systems in the processes and practices of process develop-
ment. These findings are also interconnected with the company's strategy, part of which 
are cooperation, leadership and excellence in operational processes. This information 
allowed the stakeholders to see the prerequisites for the development of the current 3D 
engineering process and to focus on the most relevant issues during discussions.  
Table 12 below presents stakeholders’ suggestions and their brief description regarding 
process workflow key focus area from the CSA and the conceptual framework. 
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Table 12. Key stakeholder suggestions for proposal building (Data 2) related to process work-
flow key focus area from the CSA (Data 1) and CF. 
Key focus area 
from CS and CF 
Suggestions from stake-
holders 
Description 
Defining process 
workflow 
a) Create a clear common 
process description/general 
guideline that everyone 
would use the software in 
the same way 
The senior mechanical designer- and super-user, Local 
application owner and Head of Asynchronous machines 
department suggested to create a common process 
map describing each step of 3D mechanical engineer-
ing, which can be used by stakeholders, especially by 
inexperienced ones and new designers. 
b) Define practices for crea-
tion of component libraries 
to facilitate their use in as-
semblies and harmonization 
of data 
Asynchronous machines designers proposed creation 
of component libraries, which include lists of created 
components for their fast finding. They can be inte-
grated into the PDM system for use in assemblies. 
Additionally Global application manager suggested to 
pay attention on data harmonization practices. 
c) Establish the prerequi-
sites for the development of 
process automation  
The absolute majority of the respondents, including 
Head of Asynchronous machines, Global application 
owner, Super-user advised to consider the necessary 
steps for the development of parametric models and 
configurators and to include them in the development 
of the process.  
 
As seen from Table 12, the first key focus area arose three types of suggestions provided 
by the stakeholders. During all data collection rounds, the stakeholders repeatedly raised 
the need to create a clear common process map describing each step of 3D mechanical 
engineering, which can be also used by inexperienced and new designers. The process 
can be divided into stages as an instruction for completing mechanical engineering work 
in 3D. Indeed, as stated earlier in Section 4, lack of instructions affects the courage to 
act independently in young employees. As illustrated during the CSA, the current process 
map shows a strictly technical process, for the most part performed by one designer 
without a clear definition of the practices of storing and filling data as a result of their 
absence. The following suggestions refer specifically to this issue.  
During the workshop conducted by Asynchronous machines mechanical engineering de-
partment, designers were divided into several groups for the brainstorming stage. Three 
of six groups suggested the ideas related to creation of reference libraries, naming in-
structions and standardizing of data storage locations. This topic, related to data harmo-
nization, was also raised during the conversation with Global application manager (Data 
1). The importance of data quality and methods of its distribution has also been repeat-
edly mentioned in Section 4 as one of main prerequisites for the effective development 
of communication and collaboration in organizations. 
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Next, one of the most relevant topics related to the workflow defining and continuous 
improvement of the process and touched by the stakeholders is the determination of the 
necessary steps for development of automation of the 3D mechanical engineering pro-
cess in the case company. From the point of view of the majority of stakeholders, this is 
the future of the 3D engineering processes. Nevertheless, the fulfillment of this complex 
task requires instructions and training of the development team. Additionally, during Data 
collection 1, Global application manager mentioned the importance of collaboration with 
external experts, which is reflected in the literature review as one of the practices to 
improve the level of organizational knowledge. 
5.2.2 Setting Roles and Responsibilities 
The second area of stakeholders’ suggestions relates to defining the roles and respon-
sibilities for process support and development. Table 13 below presents the stakehold-
ers’ suggestions and their brief description regarding this key focus area, in relation to 
the CSA results and the conceptual framework. 
Table 13. Key stakeholder suggestions for proposal building (Data 2) in relation to setting roles 
and responsibilities key focus area from the CSA (Data 1) and CF. 
Key focus area 
from CS and CF 
Suggestions from stake-
holders 
Description 
Efficient distribu-
tion of roles and re-
sponsibilities for 
process support 
and development 
a) Determine the preliminary 
resources for creation of 
parametric models and con-
figurators 
Super-user, Global and Local application owners sug-
gested to allocate roles for the creation of parametric 
models and configurators and describe their responsi-
bilities in the case company. 
b) Define the roles and re-
sponsibilities to form a sta-
ble engineering workflow 
Global application owner suggested to describe roles 
and responsibilities in terms of 3D engineering process 
and it’s continuous improvement 
c) Distribute engineering 
work in accordance with the 
level of its complexity and 
experience of the employee 
Head of R&D department (Another company of the case 
organization) suggested to distribute 3D engineering 
tasks according to complexity level and designer’s ex-
perience for more efficient performance of engineering 
work 
d) Establish control over cre-
ated data 
Head of Asynchronous engineering department sug-
gested to classify roles according to new process for 
data control and process support 
 
As seen from Table 13, this key focus area points to four types of suggestions provided 
by the stakeholders. First, the technical development of the process by automation in 
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itself requires resources. Insufficient resources for performing such tasks were men-
tioned throughout the interviews. One of the first steps to efficiently allocate them and 
define a clear concept of necessary resources is, in the opinion of the stakeholders, the 
definition of their responsible areas, with subsequent distribution within the company. 
Noteworthy, the need to describe and define roles and responsibilities in the process 
was repeatedly mentioned during Data 1 and 2. As the current state analysis showed, 
the case company has clearly defined roles in Support organization, but the roles and 
responsibilities of the other process stakeholders are either absent or blurred and non-
transparent for all parties. Global application owner suggested to determine who is re-
sponsible for decision making in various situations and who needs to be informed. Liter-
ature offers many tools for defining and describing roles and responsibilities. Some of 
them were used during the proposal building. 
During the interview with the Head of R&D department in another company of the case 
organization (Data 1), it was mentioned that the initial distribution of engineering work in 
3D is based on the complexity of objects being modeled, while continuously increasing 
the level of experience of the designer to perform more complex tasks. Here, the human 
factor also plays a role. As the interviewer mentioned: 
You can distribute bulk stuff to certain people. I noticed that some designers made 
the bulk items in 2 minutes and others are thinking about the hour and they didn’t 
get anything.  (Head Manager R&D, Unit X)  
In this case, it is the work of the manager, take care of the correct distribution of tasks. 
Additionally, the idea of resource classification presented to the head of one of the de-
partments was received with enthusiasm. According to the interviewer, this can help to 
allocate resources more adequately while improving skills and establishing control, es-
pecially in conditions of insufficient experience in 3D modeling. At the same time, the 
head of the department noticed that this idea was also discussed earlier: 
For some time we are considering the possibility of defining individual roles to per-
form certain tasks. It makes sense. It is necessary to describe their areas of re-
sponsibility. (Head of department, Asynchronous machines)  
Thus, the need to describe roles and responsibilities regarding certain types of activities 
was raised again and was taken into account in building the initial proposal. In addition, 
the classification of resources was also mentioned in the context of improvement of com-
munication and collaboration in the case company which will be discussed next. 
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5.2.3 Improving Collaboration and Communication 
The last area of stakeholders’ suggestions relates to improving collaboration and com-
munication within three engineering departments. Table 14 below presents the stake-
holders’ suggestions and their brief description regarding this key focus area from the 
CSA and the CF. 
Table 14. Key stakeholder suggestions for proposal building (Data 2) in relation to collaboration 
and communication key focus area from the CSA (Data 1) and CF. 
Key focus area 
from CS and CF 
Suggestions from stake-
holders 
Description 
Efficient collabora-
tion and communi-
cation 
 
   
a) Identify prerequisites for 
creating common instruc-
tions and 3D entities and 
distribution of information 
within stakeholders 
Super-user suggested to describe practices for creation 
of instructions and models on the basis of initial ap-
proval by all involved parties. 
Senior mechanical designer suggested to establish 
clear rules for information sharing based on common in-
terest principle and teamwork 
b) Determine the necessary 
practices for communication 
and collaboration with R&D 
Senior mechanical designer suggested creation of 
cross-functional group for establishment of a group’s re-
view on the upcoming new product lines and their up-
dating. The rules of communication must be described. 
 
As seen from Table 14, according to the senior mechanical designer cross-functional 
teams, created on principle of common interest may break the barrier between mechan-
ical engineering departments and R&D department. In this case classified resources may 
have direct contact with each other in formal and informal type of communication. The 
designer emphasized especially communication before, but also during and after new 
product line development or major updates of the existing products, which can signifi-
cantly affect the mechanical engineering. 
The need for awareness of all involved parties was also emphasized repeatedly during 
data collection rounds. All three departments operate in a common environment, where 
common databases and software are used. Therefore, any changes, updates and deci-
sions in the opinion of the stakeholders should be approved by all interested parties. A 
good example here is the creation of instructions. According to many respondents, the 
company does not need to create detailed instructions for each type of the product. Vice 
versa, the company needs only general instructions that can be used by the majority of 
designers in different departments. Another company used this logic during creation of 
instructions. According to the stakeholders, the practice of creating instructions should 
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include approval by all departments, which also includes distribution of information to all 
interested parties. 
 
5.3 Proposal Draft 
Before the initial proposal building, in addition to the findings described previously, the 
characteristics, goals, participants and tools of the new process were identified and filled 
into the table presented below. The table was filled during interviews and discussions 
with the stakeholders. The full list of proposed characteristics can be found from Appen-
dix 9. Table 15 below presents sub-processes, identified weakness areas, short- and 
long-term goals, participants and tools. 
Table 15. Main characteristics of the new 3D engineering process. 
3D Engineering Process 
Event Sub-processes Result 
Designer needs 
3D entity 
Reference 
search 
Instruction 
search 
Modeling Data filling Checking & 
Approving 
Designer use 
3D entity  
Assessment Goals (Short-term) approx. 1y 
- Our support chain is not transparent in 
whole organization 
- There is a gap in communication between 
R&D and mechanical engineering depart-
ments 
- Data is not harmonized 
- There is identical data creation accidents 
- There is a lack of instructions as a result 
of lacking resources for development 
- There is no process description 
- There is lack of common approach 
- The support chain is transparent for entire or-
ganization and support staff is available in 
each department 
- The process described end-to-end 
- The process description is easily available 
and user can name it 
- The creation of identical data reduced 
- Design approaches are checked  
Goals (long-term) approx. 3y 
- More than 90% of needed instructions are 
available 
- More than 90% of standard items available in 
3D with standard ID and data is harmonized 
- Reduced time of 3D engineering by utilizing 
of parametric models 
- Performers are skilled in teamwork 
- Each performer utilize common approach, 
which is clearly described and understood 
- Performers are skilled, can name the process 
support staff and process 
- Some configurators built in 3D 
Participants Tools 
- Designers 
- Key-users 
- Super-users 
- Application own-
ers 
- Controllers 
- Developers 
- 3D software 
- TC 
- Wiki 
  
Goals (long-term) approx. 5y 
- 3D technology supports engineering pro-
cess’s performance and management and 
allows analysis of environmental changes 
and process reconfigurations 
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As seen from Table 15, the established short-term goals mainly cover the workflow key 
focus area of the CSA and conceptual framework. At the same time they are quite clearly 
reflected in the suggestions proposed by the stakeholders. Thus they were taken as a 
basis for modeling the workflow. 
Due to the large size of proposed process map, each step of the process is presented 
and discussed individually. Nevertheless, due to the fact that the proposed process in-
cludes also new participants, their roles and responsibilities are presented first. Utilizing 
suggestions provided by the stakeholders and idea of resource classification found from 
the literature, it was proposed to classify the departments’ resources internally into three 
categories. These three categories presented in Figure 12 below. 
Prosessing staff
Designers
(A1-B1)
Shafts
Frames
Bearings and shields
Heat exchangers
Aux.connection
Main connection
…..
Support staff
(A1-C2)
Developer
(Proposal)
Controllers
(Proposal)
(A1-C1)
 
Figure 12. Department’s internal resource classification. 
As seen from Figure 12, internal classification includes two absolutely new roles, which 
are controller and developer. A detailed description of their responsibilities can be found 
in Appendix 11. The main distinctive feature of the developer role is the allocation outside 
the processing staff i.e. the developer does not directly participate in order engineering 
projects. Thus, 100% of his or her working time resourced for the development of 3D 
process automation and its support. The support staff in addition to the developer also 
includes the existing key- and super-user roles. Ideally, the super-user can become a 
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developer, but their responsibilities and limited resourced time make this difficult to be 
concentrated, for example, on the creation of parametric models or configurators. 
The most significant changes in the departments’ internal structure may be observed 
with the appearance of controller role in the 3D mechanical engineering process. Initially, 
the controller is a designer who is a part of the processing staff. As a designer, control-
ler’s primary responsibility is mechanical engineering. As a controller, the additional re-
sponsibility of this category of staff is control over created data. The controller is respon-
sible for created 3D data review, checking, listing and distribution. Different component 
areas, as seen from Table 12 distributed between different controllers and several cate-
gories can be delegated to one person depending on the case. The existence of this role 
in the process will help to establish control over the creation of data and minimize the 
risk of creating duplicate items while at the same time improving the quality of the design 
performed due to the constant checking of data by responsible persons. The participation 
of this role in the process is presented in details during the overview of the sub-pro-
cesses.  
As seen from Figure 12, the resource classification model also includes level of com-
plexity of component design, which were presented earlier in Table 6. So for example 
designers have enough experience for correct modeling of A1-B1 entities, controllers 
until C1 complexity level, and the support staff full range of required 3D entities. Different 
resource classes have different modeling experiences so in terms of improving the level 
of design quality, it is very important to distribute the work in accordance with the level 
of experience. As the 3D engineering process will improve, experience and skills of all 
parties will also improve and this policy can be revised. 
After the departments’ internal resource classification, the process map describing the 
new 3D mechanical engineering process was created. The proposed process consists 
from five sub-processes, including the reference search, instruction search, modeling, 
data filling, and checking and approving. At the same time, a classic modeling sub-pro-
cess has an alternative version which is parametric modeling. At the moment, the case 
company has a very small number of such models, but provided alternative sub-process 
map in good way illustrates difference of classical and parametric approach, emphasiz-
ing length of the process. Simplified entire process map presented in Figure 13 below. 
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Figure 13. Proposed 3D engineering process. 
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As seen from Figure 13, in contrast to the existing process, the proposed process in-
cludes a more precise description of the workflow, emphasizing interactions between 
designer and controller roles. The proposed process map does not focus so much on 
the technical execution of 3D modeling, paying more attention to the logical chain of 
information generation and distribution of responsibilities. Each action has clearly de-
fined responsible person. As controllers are also a part of processing staff and therefore 
designers, they can play the role of designers also. Nevertheless, it only partially 
changes the workflow, skipping some decision making activities. Next, each sub-process 
is presented individually. Figure 14 below illustrates the detailed reference search sub-
process. 
Reference search
C
o
n
tr
o
ll
e
r
D
es
ig
n
e
r
T
o
o
ls
K
e
y-
 o
r 
su
p
e
r-
u
se
r
START
Look for created 
item
Instruction 
search
Component list
Is there 
created 
item?
NO
Check for 
reference with 
appropriate 
design
Is there 
suitable 
reference
YES
YES
Decide who 
performs modeling 
based on 
complexity
NO
Instruction 
search
Difficulty degree 
A1-B1
Difficulty degree 
A1-C1
Instruction 
search
Difficulty degree 
A1-C2
Modeling
FINISH
 
Figure 14. Reference search sub-process. 
As seen from Figure 14, the 3D mechanical engineering process starts from the de-
signer’s need for some 3D entity. In the proposed process, before any start of new data 
creation, the search for already created data to be performed from being continuously 
updated by controllers or developers component lists. In the case of created entity’s ab-
sence, the designer informs to responsible controller about the need for required com-
ponent. The controller looks for a suitable reference from the component list and creates 
a new variation. If there is no suitable references for use, the controller decides based 
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on the complexity level and competence of designer, who performs the modeling. The 
sub-process ends with the next sub-process, which is instruction search. 
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Figure 15. Instruction search sub-process. 
Figure 15 shows that first activity of the instruction search sub-process is the search for 
already created instructions. The process continues normally and modeling sub-process 
can be started immediately if necessary instructions will be found. An important note 
here is that all instructions must be allocated to the same knowledge database. At the 
moment the company has practices of creating department specific instructions, which 
creates the risk of double work if similar instruction needed in another department. This 
topic is already presents in the agenda of Development group, where decisions are made 
to use and create only official cross-organizational instructions. In the case of an absence 
of needed instruction, key- or super-user provides support to the designer when simul-
taneously makes a decision on the need to create a new or update the existing instruc-
tion. If necessary, Local application owner will add the information about the need to 
Development group's agenda. The group will subsequently consider the proposal in the 
context of the three departments and will name the responsible person for its creation.  
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The process of modeling, as was mentioned previously, can be performed utilizing par-
ametric model or classic creation or updating of 3D entity. Figure 16 below presents most 
commonly used option for creating a new entity.  
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Figure 16. Standard modeling sub-process. 
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As seen from Figure 16, the sequence of activities described during the CSA does not 
differ from the one shown above. Due to the purely technical process, this part at the 
moment cannot be changed. Nevertheless, a certain part of this process can be auto-
mated in the case of using parametric models or configurators. The modeling process 
performed utilizing such models presented in Figure 17 below.  
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Figure 17. Modeling sub-process using parametric model. 
As seen from Figure 17, the parametric process includes a smaller number of activities, 
and in itself is more efficient solution in the case of high component variability. The cre-
ation of parametric models is a laborious process, requiring extensive knowledge of the 
products and capabilities of the software. In the case of creating high-quality parametric 
models and configurators, the changing and updating of necessary components can be 
very effective, significantly reducing the design time. Thus, the use of these models is 
particularly favorable in Asynchronous machines engineering department due to the high 
variability of components’ design and short delivery time. The benefits of usage of para-
metric models once again emphasize the need for the developer role in the case com-
pany. The development of process automation in turn allows to strengthen the tenden-
cies of continuous improvement, which is also connected with the company's strategy. 
Data filling sub-process was developed utilizing the recommendations of many designers 
and other stakeholders. The distinctive feature of this process is the availability of naming 
instructions for new data creation, including filling of entity’s attributes in the system. The 
sub-process presented in Figure 18 below. 
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Figure 18. Data filling sub-process. 
As seen from Figure 18, data filling practically repeats the sub-process of the instruction 
search, differing only in the Fill Data and Update activities. As in the case of instructions 
for design, naming instructions will be stored in common database, excluding the possi-
bility of differences in naming of the similar components by different departments. In the 
case of an absence of needed instruction, the controller will ask key- or super-user to 
add the information about needed instruction to the Development group’s agenda. 
Checking and approving is the last step of the proposed 3D engineering process. Among 
the proposed activities of the sub-process can be underlined the changed order of check-
ing, updating of component lists, and distribution of the information about them. The main 
difference between the proposed and existing checking practices is an alternate check 
of the design approach and structure in PDM system. The sequence of activities is shown 
in Figure 19 below.
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Figure 19. Checking and approving sub-process.
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As seen from Figure 19, before any data or PDM structure checking, the utilized model-
ing approach and possible drawings need to be checked first. At the moment, due to the 
lack of connection between the material’s attributes in the PDM system and the 3D 
model, filling of the material data before model’s approving can take an extra step. If after 
the checking there will be need to update the model, the dimensions of the material or 
other material data needs to be changed in PDM also, which is a double work. After 
model’s design, BOM and other datasets are checked, the new 3D entity can be ap-
proved in the system and used in structural design. 
In contrast to the current process, the proposed process does not end at this stage. The 
controller, as the person responsible for monitoring of created data, will add the ID num-
ber of the created object into the component list. In case the created component can also 
be used by other departments, information about this will be distributed by key- and su-
per-users among all involved stakeholders. Thus, the necessary information about al-
ready created components will help to avoid the creation of duplicates and structural 
design process can be performed more efficiently. 
Frequency and volume of information distribution requires, as mentioned in Section 3 
and Data 2, the establishment of clear rules for communication and collaboration. Utiliz-
ing resource classification practices used to determine department’s internal resources, 
a cross-functional communication model was created and proposed for the case com-
pany. The resources were classified according to a similar principle in all departments 
and the structure of this model is shown in Figure 20 below. 
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Figure 20. Cross-functional 3D engineering resource classification. 
As seen from Figure 20, the proposed model includes in addition to already existing 
Processing and Support staff a number of several cross-functional groups, such as De-
veloper group, Controller groups and Controller committees. A detailed description of 
these groups and committees, including methods and frequency of communication can 
be found in Appendix 11. 
The main goal of proposed groups is to find common interest, create a stable dialogue 
between different stakeholders and more efficient use of resources. For example, the 
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controller groups include controllers from different departments, thus increasing the level 
of awareness of designers about already designed components. Since the controllers 
are responsible for the overall monitoring of the generated data, common storage data 
systems and general design techniques can be used and maintained. These groups can 
consist of representatives of all departments in case the type of component is used in 
the design of both asynchronous and synchronous machines. If some components are 
used only in the design of one type of machines, the group includes representatives of 
one engineering department and R&D. 
The controller committee in turn combines controllers of all component areas in the scale 
of certain type of machine. The main task of this committee is to improve collaboration 
of the mechanical engineering and R&D departments in the case of developing a new 
product line or improving the existing ones. This committee can help to discover common 
practices for creating 3D models, listen to design requirements from the point of view of 
different parties, and thus arrive at a common compromise. These committees are also 
supported by key- and super-users to provide technical support and required information 
on the capabilities of the systems. 
The model includes some changes related to the support staff. The changes are the 
emergence of the developer role in the process and the provision of 3D support person-
nel in Asynchronous machines engineering department. The emergence of support staff 
in this department will help spread knowledge and information related to 3D engineering 
process equally to all users and provide a more transparent support chain for users. It is 
worth noting that the company does not have a separation of key- and super-users on 
the PDM and CAD system. Therefore, despite the official presence of support users in 
Asynchronous machines department, due to lack of 3D CAD experience they cannot 
efficiently provide support related to 3D engineering. As a solution to this issue, the com-
pany can provide additional training for these users or temporarily identify unofficial roles 
for 3D support. 
Process developers are also included in the support staff, participating in the Develop-
ment group’s meeting and being in close contact with other members of this group. At 
the same time, the developers forms Developer group. As in the case of other cross-
functional groups, this group is created on the basis of common interests. This plays an 
important role in the development of parametric models and configurators, since the 
technique of their creation is for the most part the same for all departments. Thus, the 
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development of process automation can take place on the same basis, strengthening 
the overall environment and mutual understanding between different departments.  
In addition to the initial proposal, a table was created to describe specific practices of 
responsibility and awareness, describing the actions in relation to each type of resources. 
This table was created utilizing described in Section 4 RACI tool. It includes various sit-
uations, such as development of a new product, creation of instructions, standard item 
and parametric model, and data harmonization activities. The table gives a clear picture 
of who is responsible for carrying out a particular task, who needs to be informed and 
with whom to consult. A visual representation of the activities in different situations helps 
to establish control over communication and teamwork. The table can be found in Ap-
pendix 12. 
In summary, the proposed elements of 3D engineering process development enable to 
undertake mechanical engineering in the coordinated way and provide prerequisites for 
its continuous improvement. The proposed workflow with new roles and description of 
their responsibilities with the focus on the cross-functional communication and collabo-
ration can reinforce strong organizational environment and enable the possibility of cre-
ating common engineering platform. 
Next, the Thesis proceeds to validating the initial proposal. The proposed elements were 
evaluated through key stakeholders. 
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6 Validation of the Proposal 
This section reports on the results of feedback and validation of the initial proposal, pre-
sented in Section 5. First, this section overviews the validation stage to display the logic 
of its creation. Second, the section discusses findings from Data 3. Third, the section 
reports on the development to the initial proposal with subsequent presentation of the 
final proposal.  
6.1 Overview of Validation Stage 
The purpose of this stage was to evaluate the solutions proposed in Section 5 for elimi-
nating the weaknesses identified from the current state analysis. The key weaknesses 
related to (a) the inefficient distribution of roles and responsibilities for process support 
and development, (b) lack of communication and collaboration between the depart-
ments, and (c) lack of the defined workflow. During the initial proposal building, the stake-
holders’ suggestions mentioned during the Data collection rounds 1 and 2, and the ex-
isting best practice found from literature were utilized with the focus on three key findings. 
The goal of this section was to build the final proposal for the effective performance of 
engineering work in 3D in the case company, utilizing the feedback collected during Data 
3. 
The validation of the proposal was done in two steps. First, the initial proposal was pre-
sented individually to the stakeholders including Global and Local application owners 
and new participants of this study. The new participants were actual performers of engi-
neering work, which do not have sufficient experience with the used by the company 3D 
software. Both designers perform work for Asynchronous machines department. The 
choice was made on the basis of the critical need for using of 3D technology in this 
department and therefore the transparency and intelligibility of the proposed process can 
be clearly assessed by these actual users with minimal bias. The discussions with Global 
and Local application owners were focused on evaluating the initial proposal and further 
steps.  
Second, based on the comments and recommendations, the final proposal was created 
and presented to the heads of the mechanical engineering departments to validate the 
proposal and assess the possibility of its implementation. 
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6.2 Findings of Data Collection 3  
Findings from the third data collection round guided building the final proposal. Data 3 
consists of the stakeholders’ feedback to the initial proposal, and suggestions for further 
action collected during the validation round. Since the conceptual framework, the CSA 
key weaknesses, and the initial proposal focused on the same three key areas, the find-
ings of Data 3 also utilized the same logic. The findings from validation and further de-
velopment needs are discussed below. 
6.2.1 Defining the Process Workflow 
The first key focus area is process workflow. The proposed process map was presented 
to key stakeholders during interviews with consequent discussion. Collected comments 
were summarized into two categories and listed in the table below. 
Table 16. Key stakeholder feedback to the initial proposal (Data 3) in relation to defining the 
process workflow. 
Key proposal 
area 
Feedback Description 
Process workflow a) Sufficiently detailed de-
scription of the process with 
clearly defined steps for the 
completion of the task 
According to senior mechanical designers, Local applica-
tion owner and Head of Asynchronous machines engi-
neering department the proposed process description is 
reliable and can be used. 
According to Global application owner the description 
may serve quite well new designers and less experienced 
designers. 
b) Control over data creation 
is described and the practice 
is adequate and reliable 
According to senior mechanical designers the proposed 
controller role and, component lists offer a pretty good 
chance to take the data under control. Nevertheless pre-
cise guidelines referring to different activities such as up-
dating, marking as obsolete and removing objects from 
list need to be established. 
c) Search for reference can 
be revised  
According to one of senior mechanical engineers and 
Head of Synchronous machines department, “Is there 
suitable reference” activity and complexity levels can be 
removed from reference search step. It is too difficult and 
uncertain to define who have what level of experience. 
Recommendations for future 
development 
 
a) Continues development 
and support of the process 
requires an action plan 
According to Global application owner action plan’s steps 
should provide a clear sequence of necessary actions 
and answer to question What, Who and When. Addition-
ally Global application owner and Head of Synchronous 
machines engineering department have a strong opinion 
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on the greater need for automation in Asynchronous ma-
chines than in Synchronous machines.  
b) Prioritization of develop-
ment tasks 
According to Senior mechanical engineer and Head of 
Synchronous machines in the case of urgent orders it is 
difficult to keep focus on the development. At the moment, 
there is no clear prioritization of tasks and daily priority 
overrules process development. There is a need to find 
right way to prioritize the tasks. 
As seen from Table 16, the two categories are feedback and recommendations for fur-
ther steps. For the most part, the proposed improvements were welcomed positively with 
some requirements for adjusting the process. Most of the comments was directed to the 
following steps and possible obstacles that may occur during employing the proposed 
improvements. Collected feedback was utilized during the final proposal building and 
recommendations in the action plan. Each element will be discussed next. 
The proposed process map, including the data control practices, was perceived as a 
reliable description of the developed process in accordance with the real situation. The 
map seemed understandable to the heads of engineering departments and directly to 
designers. The proposed improvements regarding the reference search were also dis-
cussed. One activity and complexity levels needed to be removed from the process map. 
Especially representatives of Asynchronous machines engineering department, due to 
the initial predisposition to the role of the controller and component libraries, took the 
idea positively but with comments on the need to manage already created and obsolete 
data. 
According to Global application owner, the proposed map solves only one-time, urgent 
tasks. It can be used by the engineering departments, but an action plan is needed for 
further development of the process, that is, process’s automation. In the case of the 
developed automation, in the long term such sub-processes as reference search or basic 
modeling, including drawing creation will become unnecessary. Asynchronous machines 
department was emphasized by many interviewers as the most favorable environment 
for the development of automation in connection with short delivery time and high level 
of component variability.  
One of the most significant and topical recommendations is the prioritization of develop-
ment tasks over daily activities. As mentioned in Data collection 2, at the moment, the 
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time for performing these tasks is not resourced. The solution to this problem was sug-
gested by introducing a developer role during the building of the initial proposal. Com-
ments on this proposal are discussed next. 
6.2.2 Setting Roles and Responsibilities 
The second area of stakeholders’ feedback and recommendations relates to defining of 
roles and responsibilities for process support and development. Table 17 below presents 
stakeholders’ comments and their brief description regarding this proposal area. 
Table 17. Key stakeholder feedback to the initial proposal (Data 3) in relation to the proposed 
roles and responsibilities. 
Proposal area Feedback Description 
Roles and re-
sponsibilities for 
process support 
and development 
a) The role of the controller 
in the process is very useful 
According to the comments of representatives of Asyn-
chronous department, the role of the controller is very 
useful and can facilitate the engineering process. Addi-
tionally, according to senior mechanical designers in this 
department a similar solution can be extended to the 2D 
design. 
b) We are ready to invest 
and allocate additional re-
sources for the development 
of engineering automation 
Head of Asynchronous machines and Global application 
owner have the ability to influence the allocation of re-
sources in the case of detailed description of tasks and 
objectives 
c) The release of necessary 
resources for the develop-
ment of automation can be 
difficult 
According to Head of Synchronous department, there can 
be difficulties with the release of resources for process 
development at the moment due to high pressure and 
large volume of orders. Also R&D staff is focused on ur-
gent projects. 
d) Insufficient motivation can 
become an obstacle in using 
the controller role 
According to Head of Synchronous department, low mo-
tivation and user resistance can be obstacles on the way 
to data control with the new controller role. Additionally, 
according to Global application owner the controller role 
in R&D is difficult to determine in connection with the 
global function of the department and the large number of 
different product lines. But controller committee is useful 
and can be utilized. 
e) The execution of engi-
neering work in accordance 
with the complexity can be 
reviewed in different depart-
ments 
According to Head of Synchronous department and sen-
ior mechanical engineer, 3D engineering experience is on 
different levels in different departments, thus the distribu-
tion of engineering work cannot be equal everywhere. 
Recommendations for future 
development 
 
a) Before allocation of re-
sources it is necessary to 
define the necessary para-
According to Global application owner, there is need to 
define what parametric and configuration models depart-
ments need. Only after clear definition there is possibility 
correctly allocate resources. 
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metric models and configu-
rators and train the person-
nel 
As seen from Table 17, the feedback to data control varied by different stakeholders. 
Asynchronous machines department took the idea positively and, moreover, according 
to the senior mechanical designers, this practice can be extended to 2D design in this 
department, taking under control all types of created data. At the same time, Head of 
Synchronous machines engineering department mentioned that such an idea is conven-
ient but can be met by user resistance because of lack of motivation. Nevertheless, as 
discussed in Section 4, the concern for employees’ motivation is the responsibility of the 
department heads and is beyond the scope of the topic considered in this study. Global 
application owner who was also a representative of R&D department at the beginning of 
the research mentioned that using controller roles in the R&D department can be ex-
tremely difficult due to its global function and the large number of different types of de-
signed products. Nevertheless, according to Global application owner, the proposed 
cross-functional committees can lead to positive results and should be tested first by one 
department. 
The need to allocate additional resources was also perceived ambiguously by different 
respondents. Asynchronous machines department and Global application owner are 
ready to allocate the resources for effective development of the process and to influence 
this decision on executive level. Nevertheless, in their opinion, it is necessary to compile 
a complete list of the tasks to be done, determine the methods of development and the 
required training. This is also reflected in the recommendations for further actions.  
At the same time, Head of Synchronous machines engineering department relies on the 
employment of staff due to the large number of orders and for this reason the allocation 
of individual resources is currently impossible in this department. Nevertheless, in the 
long-term perspective, there is possibility to allocate more time for process support and 
development for the department’s super-user. 
The proposed distribution of engineering work in accordance with the level of complexity 
and skills of the designer was questioned by one of the senior mechanical designer, 
Global application owner and Head of Synchronous machines engineering department. 
In connection with the different level of 3D usage and experience of the departments, 
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the distribution of work on this basis may look ineffective. As was mentioned during in-
terviews, with control and clear instructions, any designer will be able to perform various 
tasks while improving his experience level. 
6.2.3 Improving Collaboration and Communication 
The last area of stakeholders’ feedback and recommendations relates to proposed im-
provements regarding collaboration and communication between the three departments. 
Table 18 below presents stakeholders’ comments and their brief description regarding 
this proposal area. 
Table 18. Key stakeholder feedback to the initial proposal (Data 3) in relation to the proposed 
communication and collaboration practices. 
Proposal area Feedback Description 
Efficient collabo-
ration and com-
munication 
 
   
a) There is a possibility to 
achieve a permanent dia-
logue, but it takes time. 
According to Head of Asynchronous machines, Global 
and local application owners the creation of cross-func-
tional groups will help to improve communication and col-
laboration in the case company but it requires big efforts 
by all parties and time. 
Recommendations for future 
development 
 
 a) Practices for creating 
common instructions and 
distribution of information to 
all stakeholders need to be 
described in detail 
According to respondents it is necessary to utilize a clear 
platform for the distribution of information. Globally, the 
entire organization is working on this, it is necessary to 
monitor the development of communication and collabo-
ration tools. 
As seen from Table 18, quite a few comments on this topic were made. The concept of 
the proposed cross-functional groups was perceived positively. Nevertheless, the need 
for the participation of all parties in the attempt to establish communication is called as 
the most important prerequisite for a stable dialogue. As one of the auxiliary tools for 
starting the construction of communication, the global environment was mentioned. In 
connection with the growing globalization, the company begins to eliminate local storage 
systems transferring them to a cross-organizational basis. The need to monitor changes 
and use joint tools is seen as an effective way for information sharing and collaboration 
improving and was reflected later in the action plan. 
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6.3 Developments to the Proposal Based on Findings of Data Collection 3 
After the feedback to the initial proposal was collected and discussed to the proposal 
areas, the necessary immediate developments were identified, as presented in Table 19 
below. 
Table 19. Immediate developments to the proposal. 
  Proposal area Development  
1.  Process workflow a) Remove “Is there suitable reference” activity  
b) Remove complexity levels from Reference search sub-process 
2. Roles and responsibilities for 
process support and develop-
ment 
a) Remove controller roles from R&D. 
b) Define precise controller roles in Asynchronous Machines. 
c) Leave provision for controller roles in Synchronous machines. 
d) Remove separate developer role from R&D and Synchronous 
Machines. 
e) Remove distribution of engineering work according complexity 
level 
3. Communication and collabora-
tion 
a) Describe tools and frequency for group’s communication 
b) Remove cross-functional controller groups 
Table 19 shows the changes to the initial proposal based on the feeedback during the 
Data collection round 3. All these changes were made immediately, which was reflected 
on the process map, resource classification models, roles and responsibilities. So for 
example reference search sub-process was updated with the removal of one of the 
decision making activities and complexity levels. This is the only change related to the 
process map. 
As seen from Table 19, the internal and cross-functional classification of resources has 
undergone the greatest changes. For example, the proposed roles of controllers in R&D 
department were removed. At the same time, in Synchronous machines engineering 
department a provision for controller roles left. These roles can be taken into use in case 
of successful testing of this concept in Asynchronous department. As a result of the 
liquidation of these roles, the cross-functional groups of controllers were eliminated. 
Nevertheless, they can be restored in case of successful testing of controller roles by 
Asynchronous machines engineering department. 
The next change related to the proposed Developer group. The existing cross-functional 
Support staff was expanded but the role of the developer in Synchronous machines and 
R&D departments was temporarily removed. In the future, the active role of the developer 
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can be also provided to the super-users of these departments. In any case, the role of 
the developer in Asynchronous machines department has remained, which can favorably 
affect not only the development of process automation but also the user support. In 
addition to these changes, descriptions of groups and committees including 
communication tools and frequency of interaction were updated. Next, the Final Proposal 
is summarized and discussed with sebsequent presentation of the action plan. 
 
6.4 Final Proposal 
Based on the findings from the CSA and utilizing the conceptual framework, 
stakeholders’ suggestions and feedback to the initial proposal, the final proposal for 3D 
mechanical engineering process was built.  
The summary of the final proposal devided into three parts according identified during 
the CSA key weaknesses and presented in Figure 21, 22 and 23. 
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Figure 21. Summary of the Final Proposal regarding the process workflow. 
As seen from Figure 21, the first part of the final proposal’s summary includes the main 
aspects of the workflow. The building of the final proposal was focused on the weak-
nesses associated with the lack of developed workflow as such. With the help of tech-
niques for identifying key processes with further checking of the processes’ and organi-
zational maturity, the short- and long-term goals and characteristics of the new process 
were identified. The objectives and characteristics were determined jointly with the stake-
holders in accordance with the organizational strategy of the company. This helped to 
see the full picture of the new process before its detailed description, making the map-
ping process more efficient. The final proposal for the process’s workflow looks like a 
process map with a clear sequence of activities and defined responsible persons for 
each activity. The new process includes practices of control over the creation of data and 
user support. The idea of a new controller role and the use of component libraries was 
borrowed from another company of the case organization where the effectiveness of this 
88 
   
 
method was proven in use. The user support in the new process based on the existing 
available local support and the role of the controller. The support is distributed in such a 
way as to minimize the use of incorrect modeling approaches and creating of identical 
data. The final process map can be found from Appendix 10. 
The next part of the summary relates to the roles and responsibilities for process support 
and development. Figure 22 below illustrates key topics from different parts of the study 
used in the building of the final proposal. 
 
Figure 22. Summary of the Final Proposal regarding the roles and responsibilities. 
After identifying the key stakeholders and their classification, the developer role was pro-
posed on the example of another company of the case organization. Using the contact 
with the consulting company, the developer may be an external expert. Nevertheless, in 
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view of the importance of the development of organizational knowledge, the proposed 
role is internal. Due to the high level of staff employment in other projects, the ability to 
determine additional resources is possible only in Asynchronous machines engineering 
department. At the same time, this department suffers from a lack of resources to support 
the process, so the allocation of an additional resources solves several problems at once. 
The final proposal looks like the introduction of the developer role in Asynchronous ma-
chines with, based on the result of testing, subsequent definition of this role in other 
departments and creation of cross-functional Developer group. The description of roles 
and their responsibilities can be found from Appendix 11.  
The last part of the summary relates to communication and collaboration within the thee 
departments. Figure 23 below illustrates key topics from different parts of the study used 
in the construction of the final proposal. 
 
Figure 23. Summary of the Final Proposal regarding communication and collaboration. 
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Using methods of resource classification and the existing Development group, with an 
example of its use in another company of the case organization, it was suggested to 
include representatives of Asynchronous machines engineering department in the group. 
The presence of the new support roles in Asynchronous machines mechanical engineer-
ing department requires the presentation of the entire support chain for the staff to be 
aware of it. Using the cross-functional method of resource classification and principles 
of mutual interests described in Section 4, to achieve a stable dialogue between the 
departments it was proposed to establish a controller committee. This committee can 
help to create a constructive, continuous dialogue between R&D and mechanical engi-
neering departments before, during and after the development of a new product or in 
case of major updates. Detailed description, including communication methods and fre-
quency of the committee such as the other groups can be found from Appendix 11. Final 
cross-functional resource classification model presented in Appendix 13. 
 
 
6.5 Action Plan 
This study combines practices of process re-engineering and continuous improvement. 
Utilizing the re-engineering practice, the new process map was created, new roles and 
responsibilities, their methods of communication, etc. were identified. From the point of 
view of the continuous improvement, the process automation, the strengths of which 
have been mentioned repeatedly during the interviews, seems to be the most urgent goal 
for aspiration. The automation of the 3D engineering process was also mentioned as a 
part of 3- and 5-years goals. Using the recommendations described in Sub-section 6.2 
and the current situation in the company, an action plan was created to develop automa-
tion of the engineering process using the proposed improvements.  
The action plan presented in Figure 24 below. 
91 
   
 
2)Achieve an equal 
level of experience
3)Identify 
harmonization 
approaches
4)Identify needed 
instructions
5)Establish control 
over data
W
ha
t
1) Identify needed 
parametric models
W
hy
H
ow
W
he
n
W
ho
6)Free resources 7)Perform tasks 8)Release 9)Monitor and 
evaluate
Ph
as
e
Phase
 Increase use of 3D 
technology in 
Asynchronous 
machines 
department
 An equal level of 
experience should be 
achieved in all 
departments to 
efficiently improve 
the process and 
establish a 
constructive dialogue 
between all 
stakeholders
 Utilize process 
descriprions
 Provide a clear 
presentation of the 
support chain for 
designers
 Define support users 
in Asynchronous 
machines 
engineering 
department
 May 2018-
 Head of 
Asynchronous 
machines 
engineering 
department
 Designers
 Identify needed 
parametric models 
by the joint efforts of 
all departments
 Joint definition 
reduces the risk of 
double work and 
establishes a 
dialogue between 
different 
stakeholders
 The definition is 
necessary for the 
further allocation of 
resources
 Conduct a workshop 
with representatives 
of all departments 
and identify points of 
common interest
 24.4.2018
 Local application 
owner
 Asynchronous 
machines
 Synchronous 
machines 
 R&D
 Identify approaches 
to data 
harmonization 
 Harmonization of 
data avoids double 
work. High-quality 
data allows its 
efficient processing 
and the ability to 
transfer from one 
system to another.
 Identify the types of 
data that can be 
classified
 Identify the types of 
data that can be 
outsourced
 For other types of 
data, determine 
storage location and 
statistics
 May-June 2018
 Global application 
owner
 Local application 
owner
 Super-users
 Establish control over 
created data 
 Control over data 
allows to improve 
the quality of the 
output and avoid 
possible incidents of 
its incorrect use. 
Using high quality 
data may improve 
the quality and 
shorten the time of 
engineering work
 Define the roles for 
data control
 Utilize the 
approaches defined 
in the previous steps
 July-August 2018
 Asynchronous 
machines 
engineering 
department (testing)
 Depending on the 
result, other 
departments later
 Identify Needed 
instructions by the 
joint efforts of all 
departments
 Joint definition 
reduces the risk of 
double work and 
establishes a dialogue 
between different 
stakeholders
 Conduct a workshop 
with representatives 
of all departments 
and identify points of 
common interest
 May-June 2018
 Local application 
owner
 Asynchronous 
machines
 Synchronous 
machines 
 R&D
 Allocate  resources 
for creating 
parametric models 
and configurators
 The creation of 
models and 
configurators, 
requires skills and 
focus on the process. 
The effective and 
reliable development 
of automation is 
impossible in the case 
of its long 
development. The 
environment can 
change faster than 
automation is 
developed.
 Allocate at least one 
person/department 
for full time 
development
 Provide training for 
dedicated staff
 Check possibility of 
external support for 
benchmarking and 
external knowledge 
utilization
 September 2018
 Asynchronous 
machines engineering 
department 
 Synchronous 
machines engineering 
department
 R&D
 Perform the 
necessary tasks using 
dedicated resources
 All the necessary 
conditions and a 
foundation for active 
development of 
automation 
implemented
 Together with 
designers and 
according to 
condition of the 
global development 
of the process, 
prepare the 
necessary models 
and configurators.
 Test the automation 
on the example of 
one product line for 
each department
 Gather feedback 
 October 2018-
September 2019
 Global app. owner
 Local support staff
 Asynchronous 
machines 
 Synchronous 
machines 
 R&D
 Release created 
automation
 To effectively 
perform engineering 
work 
 Make necessary 
changes based on 
the feedback from 
internal customers
 Conduct a 
presentation of a 
new process for all 
stakeholders
 Train on using new 
techniques and 
collect feedback
 September 2019-
November 2019
 Global App. owner
 Local support staff
 Asynchronous 
machines 
 Synchronous 
machines 
 R&D
 Monitor and 
evaluate process 
continuously
 For the prevention 
of errors and the 
continuous 
development of the 
process in 
accordance with the 
changing 
environment
 Establish practices 
for feedback 
gathering
 Install a stable 
platform to support 
the process
 Provide resources 
for support
 Monitor the global 
and local 
environment
 Interconnect 
process with 
company’s strategy
 Global App. owner
 Local support staff
 Asynchronous 
machines 
 Synchronous 
machines 
 R&D
 
Figure 24. Action plan.
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The proposed Action plan shown in Figure 24 consists of nine steps with the explanation 
of the purpose, methods, participants and approximate time of execution. The first step 
of the action plan is to identify the necessary parametric and configuration models with 
the participation of 3D experts from all engineering departments to find the necessary 
points of mutual interest during their creation. The exact date for the workshop was indi-
cated and sufficient time is reserved for the discussion. 
At the same time, using the proposed process descriptions, and internal classification of 
resources, the use of the 3D software will be increased in Asynchronous machines en-
gineering department. The rare use of 3D technology is one of the main obstacles to the 
joint development of the process. To establish a stable dialogue between three depart-
ments, it is necessary to achieve an equal level of experience in 3D design, which can 
be achieved only in conditions of increasing its use. At the same time testing of the prin-
ciple of resource classification can be carried out by Asynchronous machines depart-
ment. In case of obtaining positive results, it can be taken into use by Synchronous de-
partment at the fifth stage of the action plan. 
The third and fourth stages include the definition of data harmonization methods and 
necessary instructions, including component’s naming instructions. As in the case of any 
other decision, the decisions relating to the creation of instructions and data harmoniza-
tion practices will be carried out in a joint approval process by all involved departments.  
Utilizing the approaches, tools and instructions defined in the previous stages, in the fifth 
stage, data control will be established. At this stage, depending on the results of testing 
the controller's role and accepted data classification methods, the model can be adopted 
by other departments with the subsequent creation of cross-functional groups. 
Since all the prerequisites for the creation of parametric models and configurators have 
been met, the next step is to provide resources for performing the necessary tasks. De-
pending on the level of experience of selected developers, they can be provided with 
additional training by a consulting company. If necessary, the assistance of a third-party 
expert can be provided. 
The following steps are a straightforward process of automation creation. The creation 
need to be done in close cooperation with local designers and by utilizing Global appli-
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cation owner’s contacts. Engineering process automation is a priority for many compa-
nies in the Production Group and by utilizing cross-organizational contacts, its implemen-
tation can be more effective. 
The final release of parametric and configuration models requires careful testing and 
collection of feedback from designers before the official use of the developed automation. 
Only after performing the necessary improvements and making sure of the system's ser-
viceability and the satisfaction of the designers as an internal customers, the system can 
be effectively launched and used. Additionally, the actual performers of the engineering 
work should be provided with the necessary training and support. These tasks can be 
performed by the developers involved in the development process, due to their “champi-
ons of the process” imago. 
Like any process developed with the focus on continuous improvement, it does not end 
but continues to be improved through monitoring and evaluation of the output quality. 
Since the automation in the long term is able to reduce a number of resources executing 
directly technical tasks of the engineering process, these resources can be focused on 
the process support and improvements. Using the principle of freeing resources for the 
further development of the process, the optimal 3D mechanical engineering platform can 
be achieved by the case company. 
The final proposal and the action plan were presented to the heads of mechanical engi-
neering departments for review and assessment of reliability. According to the respond-
ents, the final proposal and the action plan are reasonable and proposed schedule is 
realistic. The action plan will be updated as the required tasks are completed, but ac-
cording to one of the departments’ heads, the identified steps need to be performed at 
an accelerated pace for the effective automation development. 
As Section 6 ends with the validated proposed improvements, the study proceeds to 
conclusions.   
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7 Conclusions 
This section summarizes the key findings of this study and suggests further steps for the 
case company. Subsequently, the section proceeds with evaluation of the Thesis. 
 
7.1 Executive Summary 
For large high-tech manufacturing companies that are experiencing an era of globaliza-
tion and rapid growth of competition, the superiority of operational processes and effec-
tive communication become an integral part of the growth strategy. To address this need 
and optimize its engineering work, the case company introduced a new 3D engineering 
software for its three engineering departments several years ago. However, due to the 
lack of initially developed engineering process in accordance with the new software and 
operational models of the departments, the company was not able to fully utilize true 
benefits of the new software. Thus, the objective of this Master’s Thesis was to develop 
a 3D engineering process for the three departments to undertake mechanical engineer-
ing in a coordinated way.  
The research process in this Thesis was conducted utilizing the case study approach 
and qualitative research methodology. The research progressed in accordance with the 
pre-established stages with defined data collection rounds. The stages are the current 
state analysis, followed by the literature review and proposal building. The data was col-
lected within the case company and from another company of the case organization by 
utilizing multiple data collection methods such as workshops, interviews, observations 
and document reviews.  
Based on the results from the current state analysis, a number of weaknesses were 
identified regarding communication, resources, methods, tools and data quality, as a re-
sult of absence of the 3D engineering process as such. During the analysis of the current 
process development practices in the case company, also strengths areas regarding the 
environment were identified. Nevertheless, the identified strengths could not be utilized 
as a result of a lack of resources and communication within the three departments. 
Based on the identified weaknesses, the literature review focused discussing how to 
improve the workflow, define roles and responsibilities, and improve communication and 
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collaboration in a cross-functional context. Utilizing the best practice found from litera-
ture, the current strengths areas and stakeholder’s suggestions, including techniques 
used by another company of the case organization, the study proposed the cross-func-
tional improvements that the case company can use to develop and deliver an effective 
engineering work. The eventual outcome of the study relates to developing a new 3D 
mechanical engineering process for the company's three Engineering departments, tak-
ing into account their internal distinctive features in the current organizational environ-
ment, and the interests of all parties. 
The proposed cross-functional improvements focus on the performance of effective en-
gineering work, for the three departments of the company, within a common 3D engi-
neering process. The process proposes a clear sequence of necessary tasks, with 
clearly defined roles for each activity, and was built in accordance with the environmental 
capability and strategy of the company. The proposed process includes such new roles 
as controller and developer with expanded existing support organization. Moreover, to 
improve communications and collaboration within the case company, it proposes the 
creation of new cross-functional groups and committees of controllers and developers. 
The work of the groups and committees will be focused on information sharing and in-
creasing the level of experience for the further improving of the process. The new roles, 
their responsibilities and communication practices were set out in accordance with the 
current state of the environment and the use of popular tools found from literature. Since 
the proposal building includes a combination of process re-engineering and continuous 
development, an Action plan was also proposed for implementation of the proposed 
practices with the focus on the development of 3D engineering automation. 
The proposed process was validated twice, with the proposed practices presented and 
discussed first and then updated in accordance with the real situation in the case com-
pany and comments of the responsible persons. The proposed improvements will be 
implemented according to the created action plan. 
This Master’s Thesis revealed the difficulties in adapting the new software in engineering 
processes of the large manufacturing company. By utilizing the proposed improvements, 
the case company can improve quality of the current mechanical engineering, develop a 
common standard for performing engineering work, and in the long run reach the level 
where 3D technology can support engineering process’s performance using process re-
configurations, and allow the analysis of environmental changes. 
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7.2 Thesis Evaluation 
The objective of this Master’s Thesis was to develop a 3D engineering process for the 
three departments to undertake mechanical engineering in a coordinated way. The ex-
pected outcome of this study was a new 3D engineering process developed taking into 
account three engineering departments’ internal processes and operating models.  
During the study, a general and precise process was developed that can be used by the 
case company to improve the engineering work and its quality. The initial need for the 
development of the process was based on the absence of the process as such. Never-
theless, during the analysis of the current situation, it was found that the practice of de-
veloping the process is already present in this company. Moreover, the process is devel-
oping, despite a slow pace, locally and globally. Thus, the presence of Development 
group and its attempts to improve the process had also to be analyzed and included in 
the study as an integral part of the environment. While at the local level, the quality of 
processes and their characteristics could easily be determined, the simultaneous devel-
opment of the global environment threatened the entire study and the future of the pro-
posal in connection with the possibility of making decisions at the highest level on the 
complete reconstruction of the process. Therefore the building of proposal was primarily 
aimed at developing local practices that can bring improvements in areas that are only 
partially dependent on global changes in the short term. 
During the conducted current state analysis, the operational models of the departments 
were more thoroughly analyzed in the departments of mechanical engineering than in 
the department of R&D. Due to the large size of this department and global operation, 
the internal features of this department were taken only partially, focusing more on the 
further use of the designed components by Synchronous and Asynchronous mechanical 
engineering departments depending on the type of product. This, however, does not sig-
nificantly affect the result of the study, since the effective use of 3D technology is primar-
ily a high priority of mechanical engineering departments. Nevertheless for greater relia-
bility, an analysis of the operational model of R&D department could be carried out more 
carefully. 
The conceptual framework was consistent with the nature of this study and was effec-
tively used during proposal building. Found practices of process modeling with a prelim-
inary assessment of the environment and new characteristics of the process helped to 
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create the apparent logic and integrity of the study. At the same time, the literature review 
about cross-functional communication and process roles and responsibilities often inter-
sected with each other. This often led to difficulties during the proposal building. As one 
of the ways to avoid this conflict, these two topics could be combined into one that would 
reduce the amount of information offered and make the research more transparent.  
From the point of view of the proposal building, the conflict consisted also in the need to 
find a common process, taking into account the internal features of the departments. The 
needs of different departments differed due to unequal levels of experience of employees 
and the percentage use of the software. While Asynchronous machines department re-
quired more a clearer illustration of the process, Synchronous machines department and 
R&D stressed the need to create the process automation. This conflict was resolved by 
means of a textual description of the new groups, roles and responsibilities, and process 
description with subsequent creation of a detailed action plan for creating parametric and 
configuration models,. Unfortunately, planned workshops with participation of the maxi-
mum number of stakeholders during the proposal building was not possible to conduct 
as a result of the high level of employment of the majority of respondents. This, in turn, 
reduced the effectiveness of the final proposal building due to the need to conduct a 
large number of individual interviews and discussions. However, some workshops in ac-
cordance with the proposed action plan will be held after the end of this study, which 
confirms its reliability. 
Next, this sub-section describes evaluation criteria of this study. The study utilizes four 
evaluation criteria for ensuring trustworthiness and credibility of the data collection, anal-
ysis and study overall. The sub-section provides a brief overview of main principles of 
validity, reliability, logic and relevance as selected evaluation criteria and describes how 
they were utilized in this work. Considering these four criteria, the study ensures its rig-
orous approach to research. 
Validity means the ability of a research method to measure what it is intended to meas-
ure. The validity is complete when the theoretical and operational definition is consistent. 
The total lack of validity makes the study worthless. In that case, the study may examine 
quite different things than were promised originally. Inadequate validity, therefore, means 
that empirical observations and the whole study itself are more or less aside from what 
is meant to be studied.  
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There are several ways to divide validity into different types depending on author, tradi-
tion or research field. As proposed by Yin (2003) four types of validity is one of the most 
commonly used in academic practice. The four types are internal validity, external valid-
ity, construct validity and reliability. To simplify the explanation in this paper, reliability 
will be considered separately from the validity and will be discussed later in this sub-
section. 
Internal validity helps to ensure the significance and consistency of the research results. 
Researchers should ask to what extent their conclusions are correct and whether com-
peting explanations are possible (Thietart 2001: 196.) Due to a large amount of collected 
data, which is itself enough to tell something about the subject of study, the internal valid-
ity seen as a particular strength of qualitative research (Quinton and Smallbone 2008, 
128). 
External validity is a term used to assess the extent to which the research results are 
applicable to other contexts. The main question of external validity is whether the results 
are generalizable or could the results be applied to other contexts and to what extent this 
may be possible. In case of qualitative studies, external validity is difficult to apply due to 
subjective and contextual data which aim is a rich description rather than generalizability. 
Nevertheless, in this kind of research, external validity can be achieved by focusing on 
an analytical generalization, based on existing specific theory. (Thietart 2001: 201; Quin-
ton and Smallbone 2008, 128.)  
Construct validity refers to whether the operational measures used in the study are suit-
able for what it was supposed to measure. For qualitative research, it is also necessary 
to assess the extent to which research methodology allows to answer the research ques-
tion. Therefore, before collecting data, it is necessary to determine what to observe, how 
and why. It is also necessary to clearly define the research question, which will serve as 
a guide for observations. After that, based on the research question and the existing 
knowledge, the conceptual framework can be set out. It determines what needs to be 
studied, and thereby determines the data that needs to be collected and analyzed. The 
researcher must show that the methodology used to study the research question really 
measures the dimensions specified in the conceptual framework. (Thietart 2001: 189.) 
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In this study, to ensure validity, the type of material and methods are chosen according 
to theoretical and methodological tradition. The study utilizes multiple sources of evi-
dence by using data triangulation. The interviews, participant observations, internal doc-
umentation review, and workshops provided a foundation for the detailed analysis of the 
obtained information and data. Evidence of documentation was used to verify the evi-
dence obtained during the interviews. All involved stakeholders were selected based on 
their position and level of experience in accordance with recommendations of the heads 
of the departments. In this thesis, generalization was made by reflecting the re-search 
results within the conceptual framework created by utilizing the existing knowledge, 
which also related to findings from the CSA. 
Reliability refers to the ability of used research method and metrics to obtain the same 
findings in the case of a repeat of the study, or if it is carried out by another researcher. 
(Quinton and Smallbone 2008, 129). As with the case with validity, the reliability of qual-
itative researches is difficult to measure because of the nature of the approach. The 
reliability of such studies depends on honesty and integrity of the researcher in describ-
ing the whole research process. In this case honesty is an attitude that refers to accurate 
observation and data recording, truthful reporting, especially in the phases which relate 
to data analyzing and explanation. (Thietart 2001: 199-200.) 
In this study, reliability was planned to be increased by using different data sources and 
collection tools with data collecting at different points of time. All stakeholders had a voice 
in findings’ evaluation to ensure the outcome is fair and unbiased by the researcher. 
During the data collection rounds, collected data was grouped into a database with a 
visual interpretation of for example interview details such as circumstances, duration, 
and source. 
In addition to validity and reliability, the logic and relevance are considered to ensure a 
quality of this research. The logic of this study can be seen as a step-by-step implemen-
tation of predefined steps that are graphically represented in the research design dia-
gram Figure 1. Detailed explanation and aim of each step are described in Sub-section 
2.2. 
According to Myers (2009) relevance means that a research should never be done for 
frivolous, wasteful or irrelevant purposes. The research is "relevant" if its main objective 
is to understand or explain reality, that is - underlie a research problem. (Thietart 2001: 
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118) In this study, the case company has identified the business challenge which defined 
the objective. The expected outcome was discussed in advance before initial research 
design and approach selection. The relevance was focused on ensuring consistency 
between the objective and outcome and cross-checked during evaluation by stakehold-
ers involved in this research which led to the creation of a final proposal. 
 
7.3 Closing Words 
This Thesis emphasizes the importance of a strategic and constructive approach in the 
development of a process related to engineering work in case of the introduction of new 
software in a large manufacturing company. This study shows the logic and implications 
of building a new process in the context of several departments on a local scale, also 
taking into account their internal features and partly the impact of the global environment.  
During the research process, the study revealed dependence of effectiveness of the 
company's operational processes on the maturity of its organizational culture, data con-
trol practices, and quality of methods for performing the necessary tasks. In practice, 
importance of these engineering tasks is often blurred, or lost in the entire order-delivery 
process, seemingly due to their merely operational significance.  
At the same time, this part of the production connects all aspects of creating value for 
the customer and has a direct impact on the company's profitability. With the help of the 
cross-functional practices proposed in the study, the company can take control over the 
creation of data, develop an enabling environment for effective cooperation and collab-
oration, and in the long-term develop an optimal common engineering platform. Such a 
well-functioning platform will bring a wonderful ability to easily and seamlessly integrate 
new elements of the business portfolio, which is especially important for large manufac-
turing companies in the rapidly changing environment. 
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Summary of Field notes for Data 1 (Informants 1-4) 
 Topic(s) of the in-
terview 
QUESTIONS 
 
FIELD NOTES 
Synchronous machines mechanical engineer-
ing 
 
 
Asynchronous machines mechanical engi-
neering 
 
R&D 
1 Starting point:  
 
What is the role of the department in organ-
ization?  
 
 
 
 
 
 
 
                                                     CONFIDENTIAL 
 
 
 
 
 
 
 
 
 
 
What kind of interactions the department 
have with other departments in terms of 3D 
engineering process? 
What kind of products to be designed? 
How many people are using this software?  
2 Interviewee’s EXPE-
RIENCE 
What is your role in the current process?  
What are responsibilities? 
Why have you been chosen to be at this po-
sition? 
3 Investigate how the 
software was taken 
into use 
What are the main reasons of using the new 
3D engineering software and 3D engineering 
software overall? 
How the process is improved?  
What is the goal if exists? 
4 Clarify the inputs 
and outputs of the 
process develop-
ment 
What are the expertise and resources that 
are involved?  
How could we improve the process? 
  
How would you evaluate the results, imme-
diate and long-term? 
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5 Key strengths 
 
 
 
Is the current process successful, from your 
point of view? What works? Why do you 
think so? 
 
 
 
 
 
 
 
 
 
 
 
                                                     CONFIDENTIAL 
What can be considered as indicators of suc-
cess for current process? 
What are the company’s strengths in the 
process? 
6 Key concerns 
 
If you feel it is not successful, what are the 
reasons?   
What are the key concerns about the current 
process that take place? 
7 Analysis Is it even possible to improve work quality 
and productivity of 3D engineering? 
In which areas do you think there is space 
for improvement? In what way?  
Who or by whom could these possible im-
provements be done / implemented in your 
opinion? 
What areas would you recommend engi-
neers and engineering teams focus on to be-
come more efficient in 3D engineering? 
In your experience, what is the most com-
mon waste engineers can, and should, elimi-
nate from their 3D engineering workflows? 
What is a help chain and how would it work 
in an 3D engineering process? 
8  Best practice Did the company introduce any best prac-
tice? 
What best practice do you think the com-
pany should follow as for the process devel-
opment?  
9 Development needs How could the company avoid the problems 
in case of a new software introduction? 
10 To add What would you like to add that we have not 
yet discussed? 
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Field notes for Data 1 (Informant 5) 
Details  
Name (code) of the informant Global application manager 
Position in the case company  Global application manager 
Date of the interview  23.1.2018 
Duration of the interview  39 min 
Document Field notes 
 Topic(s) of 
the interview 
QUESTIONS 
 
FIELD NOTES 
 
1 Starting 
point: 
What is the role of the de-
partment in organization?  
What kind of interactions 
the department have with 
other units in terms of 3D 
engineering process? 
Can you please briefly de-
scribe the process? 
  
  
 
 
 
 
 
 
 
                                               CONFIDENTIAL 
2 3D practices  
 
 
 
Why do your department 
do activities globally? 
What is the quality of our 
processes at the moment 
compared to other units? 
3 Key 
strengths 
What are the main 
strengths of the process? 
4 Key concerns What are main concerns? 
5 Analysis In which areas do you 
think there is space for im-
provement? In what way?  
6 Best practice What best practice do you 
think the company should 
follow as for the process 
development?  
7 To add 
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Field notes for Data 1 (Informant 6) 
Details  
Name (code) of 
the informant 
Head of R&D department (Second company) 
Position in the 
case company  
Head of R&D department 
Date of the inter-
view  
1.2.2018 
Duration of the in-
terview  
62 min 
Document Field notes 
 Topic(s) of 
the interview 
QUESTIONS 
 
FIELD NOTES 
 
1 Starting 
point: 
What kind of products to 
be designed? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                      CONFIDENTIAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please describe the pro-
cess itself: 
How does this happen?  
How process was devel-
oped? 
2 Investigate 
how the soft-
ware was 
taken into use 
 
How the process is im-
proved or developed?  
What is the goal if exists? 
Are there core logical steps 
of the process improving 
or development? If yes, 
what they are?  
3 Clarify the in-
puts and out-
puts of the 
process devel-
opment 
What are the expertise and 
resources that are in-
volved?  
What are the requirements 
for participants? 
4 Key strengths 
 
 
 
Is the current process suc-
cessful, from you point of 
view? What works? Why 
do you think so? 
What can be considered as 
indicators of success for 
current process? 
5 Key concerns 
 
If you feel it is not suc-
cessful, what are the rea-
sons?   
6  Analysis In which areas do you 
think there is space for im-
provement? In what way?  
What tasks do 3D engi-
neers spend their time on, 
and how should that work 
be changed or redistrib-
uted? 
In your experience, what 
is the most common waste 
engineers can, and should, 
eliminate from their 3D en-
gineering workflows? 
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What is a help chain and 
how would it work in the 
3D engineering process? 
 
 
 
 
                              CONFIDENTIAL 
7 Best practice Does the company have 
(internally) some guide-
lines of how to do it?  
What best practice do you 
think the company should 
follow as for the process 
development?  
9 To add What would you like to 
add that we have not yet 
discussed? 
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Field notes for Data 1 (Informant 7) 
Details  
Name (code) of the inform-
ant 
Head of Asynchronous machines engineering department 
Position in the case com-
pany  
 
Date of the interview  8.2.2018 
Duration of the interview  10 min 
Document Field notes 
 QUESTIONS 
 
FIELD NOTES 
 
1 How would you evalu-
ate the current 3D en-
gineering process? 
 
 
 
 
 
                                              CONFIDENTIAL 
2 What are the depart-
ment’s strengths in the 
process? 
3 What are the depart-
ment’s key concerns 
about the current pro-
cess that take place? 
4 How important using 
of 3D software is for 
the department? 
5 What are department’s 
internal resources for 
process development? 
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Current 3D mechanical engineering process.  
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New process characteristics (Data 2). 
 Suggested process characteristics and their impact on process enablers 
 Sugges-
tions 
Workflow de-
sign 
Information 
Technologies 
Motivation 
& Measure-
ment 
Human Re-
search 
Policies & 
Rules 
Facilities Feasibility & 
Notes 
1. Roles for 
data 
checking 
and control  
Requires 
clear pro-
cess de-
scription with 
marked roles 
Listings and 
data storage 
places, com-
munication 
tools need to 
be standard-
ized 
User re-
sistance? 
Roles distrib-
uted among 
performers 
Common 
rules 
needed for 
data 
checking 
and control 
Need of com-
mon system 
for easy data 
search and 
storage 
Easy to imple-
ment, require 
clear design and 
communication 
before implemen-
tation 
2. Rules for 
parametric 
models 
creation 
Full-time 
performers 
needed 
User friendly 
models needed 
 Resources 
needed. Who 
perform? Team 
or individuals? 
Common 
standards 
and tech-
niques 
used 
Models stor-
age into 
available sys-
tem 
Difficult to imple-
ment, require 
time and re-
sources, great 
potential and en-
gineering time re-
duction 
3. Cross-or-
ganiza-
tional 
teams 
(based on 
similar 
types of 
products) 
Areas of 
common in-
terest need 
to be defined 
Communica-
tion systems 
need to be de-
fined 
Desire to 
collabora-
tion is 
needed 
Named individ-
uals  
Communi-
cation ap-
proach is 
standard-
ized and 
docu-
mented 
 Both, informal 
and formal com-
munication 
should be uti-
lized. Requires 
interconnection 
with process 
owners 
4. Naming in-
structions 
New entities 
named ac-
cording to in-
structions 
Common in-
structions 
available for 
whole organi-
zation 
 Who is respon-
sible for crea-
tion and 
maintenance? 
Whom 
naming 
principle 
utilized? 
Where in-
struction are 
saved? 
Looking for com-
mon approach 
may be difficult. 
Compromise 
need to be found 
5. Roles and 
responsi-
bilities 
shown in 
profile 
 Need to be up-
dated if 
changed 
user re-
sistance 
 Idea inter-
connected 
with com-
pany’s 
strategy 
 Roles and re-
sponsibilities 
need to clearly 
established 
6. Only offi-
cial in-
structions 
in use 
There is only 
one instruc-
tion/design 
Only one place 
where instruc-
tions are 
Lack of de-
sire to use 
instructions 
 general in-
structions 
or depend-
ing on the 
model 
Where in-
struction are 
saved? 
Easy to imple-
ment, common 
rules need to be 
established 
7. Creation of 
3D stand-
ard items 
   Re-
sources/time 
needed 
   
8. 3D models 
from sub-
contract 
manufac-
turer 
(Bearings, 
sensors) 
In what 
stage/how 
need to be 
ordered? 
Type of the 3D 
model. Solid 
body? 
  How to be 
added to 
the sys-
tem? 
 Easy to imple-
ment, requires 
desire form pur-
chasing, engineer 
and subcontrac-
tor. Costs/free? 
9. Common 
training 
sessions 
for 3D en-
gineers 
How to be 
conducted?  
Materials/exer-
cises? 
Desire and 
motivation 
required. 
No need to 
conduct for 
everyone. 
Who conduct? 
Internally/ex-
ternally? 
 Where mate-
rials will be 
saved? 
Requires pre-
pared material, 
experience of 
training and suita-
ble material for 
engineers from 
different depart-
ment 
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10. Support 
chain 
presenta-
tion for 3D 
engineers 
Kept once 
during team 
meeting? 
Presentation 
and structure 
need to be 
available from 
ims/eng.portal? 
  Presented 
always if 
changed. 
Local 
appl.owner 
updates and 
maintain? 
Easy to imple-
ment, no addi-
tional costs or re-
sources. 
11. Instruc-
tions cre-
ated jointly 
by all engi-
neering de-
partments  
There is 
need to rec-
ognize com-
mon design 
possibilities. 
There is only 
one place 
where instruc-
tions are 
saved. 
Motivation 
of key/su-
per users to 
teamwork 
and collab-
oration 
requires 
named roles 
from each de-
partment 
Clear rules 
for instruc-
tion cre-
ated? Inter-
nal differ-
ences? 
Instructions 
will be pre-
sented during 
team meet-
ings by 
key/super us-
ers. 
Requires com-
mon interest find-
ing and strong 
communication 
and teamwork 
skills. Instructions 
needed to be re-
viewed by per-
formers before 
publishing. 
12. Creation of 
new 3D en-
tity re-
quires ap-
proving by 
controller 
Additional 
step in work-
flow 
What commu-
nication tool? 
 Requires addi-
tional roles in 
departments 
for different 
types of prod-
ucts 
Clearly de-
scribed 
process 
needed. 
 Easy to take data 
under control. 
Requires deep 
analysis of de-
signed products.  
13. All decision 
about sys-
tem or pro-
cess devel-
opment re-
quire ap-
proving by 
all depart-
ments 
Key stake-
holders from 
all depart-
ments partic-
ipated in 
steering 
committee. 
Decisions 
needed to be 
documented in 
intra, easy 
available for 
stakeholders. 
 3D/CAD 
Key/super us-
ers defined in 
each depart-
ment 
  Requires compro-
mise and difficult 
situation may ap-
pear. Continuous 
dialog needed to 
be established.  
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New 3D mechanical engineering process map (Final Proposal). 
3D Engineering process
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Description of roles, responsibilities, and cross-functional groups and 
committees (Final Proposal). 
Role Responsibility Allocation Available 
resources 
Controller 
(Proposal) 
- Responsible for control over the created data in own component 
areas, including checking and approving of new entities 
- Responsible for created data review, listing, maintenance and 
distribution, working closely with internal and cross-functional 
controller and developer groups 
- Works under the guidance of own department’s manager 
representing meetings 
- Responsible for decision-making about who is eligible for particular 
data creation in own component areas 
- Points out the needed proposals for data control improvement and 
corrective activities together with other controller group’s members, 
developers and super-users 
10% ~… 
Developer 
(Proposal) 
- Responsible for local 3D CAD process development and 
maintenance according to policies and rules established by 
application owners 
- Responsible for parametric models’ creation, testing and 
maintenance 
- Works under the guidance of the Local Application Owner and own 
department’s manager representing meetings 
- Together with the Super-user and Local Application owner points 
out the needed instructions and trainings during new product 
development stage 
- Actively participates in design approach’s assessing and creation of 
new 3D entities 
- Responsible for data harmonization project, including initial data 
review and listing, closely collaborating with other developer group’s 
members and controllers group 
100% 3 
Key-users 
(Existing) 
- Responsible for application training, instructions and induction of 
new users 
- Responsible of 1st level user support 
- Works under the guidance of the Local Application Owner 
representing meetings 
20% 
 
3-4 
Super-users 
(Existing) 
- Responsible for application training, instructions and induction of 
new users. Based on Local Application Owner’s instructions, 
communicates the application changes to the local organization. 
- Responsible of 1st level user support. When needed, transmits 
queries and support requests to global support organization working 
as a contact person between local users and Global Support 
organization 
- Works under the guidance of the Local Application Owner 
representing meetings 
- Point out the needed proposals for application improvement and 
corrective activities together with Local Application Owner. 
- Working as a main responsible for user acceptance testing in local 
site. 
- Specifies and maintains local test cases and testing activities. 
- Secure that the local site will be fully compatible with the other sites 
in BU and its architecture as a whole will be appropriate, secure, 
continuous and reliable. 
40% 3 
Local appli-
cation 
owner 
(Existing) 
- Overall responsible of the local PDM site  
- Arranges necessary application training, support, operation and 
maintenance work in the local PDM site including all installations 
(servers/clients) and environments (production/test/development) 
- Keeps local key user community strong enough and agree clearly 
the named persons with their superiors/line managers 
- Owns the contract in case of local agreements with internal or 
external service providers 
- Verify the quality of service deliveries from internal or external 
service providers and take corrective actions, if needed 
- Provide input to frame agreements with service providers, if needed. 
50% 1 
Global ap-
plication 
owner 
(Existing) 
- Ensuring that the engineering tools provide the right functions and 
capabilities for new and existing products developed in R&D for 
efficient order engineering in all manufacturing locations 
- Providing support for development and maintenance of common 
engineering tools  
- Supporting new product development and product transfers 
50% 1 
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Role Description Method of 
communica-
tion and infor-
mation shar-
ing 
Frequency/timing of 
communication  
Controller 
Group 
(proposal) 
Cross-functional group, created on the basis of common interest 
in terms of certain component area. The group includes control-
lers from different sub-units, working with same component areas. 
The group includes representatives of minimum two sub-units, in-
cluding always mechanical engineering department and R&D. 
The group's goal is to create a continuous and stable dialogue 
between stakeholders, to find common interest areas, a common 
approach, to share knowledge among other functions and elimi-
nate double work by taking the creation of new data under control 
with the help of cross-functional cooperation and collaboration. 
With the help of the group, different approaches to solving similar 
problems can be combined into the most effective approach, form-
ing the best practice, which can be utilized later in new product 
development. Group works closely with developer group during 
data harmonization and creation of parametric models. 
OneNote 
Informal meet-
ings and types 
of communica-
tion 
Always during new 
product development: 
- review of 
initial idea 
- review of 
initial 
design 
- review of 
created 
entity 
 
Always during existing 
design update. 
 
Always when new 3D 
entity for standard item 
need to be created. 
Controller 
commettee 
(proposal) 
Cross-functional group, created on the basis of common interest 
and efficient product development and support. The committee in-
cludes representatives of controller groups involved in the design 
of certain machine type (Synchronous or Asynchronous). The pur-
pose of the group is to cover improving of existing design or de-
sign being developed. The committee’s goal is to create an initial 
dialogue with the stakeholders involved in the mechanical engi-
neering and R&D for the further effective performance of work. 
The committee includes representatives of the support staff to 
provide the necessary technical assistance for optimizing of engi-
neering design work.  
OneNote 
Formal meet-
ings 
Always during new 
product development: 
- review of 
initial idea 
- review of 
initial 
design 
- review of 
created 
entity 
 
Always before, during 
and  after major im-
provement or update of 
existing  design  
Developer 
group 
(proposal) 
Cross-functional group, created on the basis of common interest. 
The group includes representatives of different sub-units, includ-
ing mechanical engineering departments and R&D. The group’s 
goal is to efficiently develop needed parametric models, jointly 
with controllers harmonize created data and support new product 
development and creation of standard 3D items including import-
ing of subcontract elements to the system. 
The group’s absolute target is to build stable, reliable and predict-
able environment to improve the profitably of the company 
through effective implementation of engineering tasks resulting in 
an improved design quality of the products. 
OneNote 
Formal and in-
formal commu-
nication 
Meetings need to be 
held weekly, in addition 
to everyday communi-
cation. 
Steering 
committee 
Cross-functional committee, consisting of local support’s mem-
bers from mechanical engineering departments and R&D with 
representatives of Global Support organization. The committee 
determines necessary improvements or ideas for development 
and requests them from Global Support organization. The com-
mittee’s goal is to define good 3D working practices and document 
them to the internal knowledge database.  
OneNote Meeting are held 
monthly, in addition to 
everyday formal and 
informal communica-
tion 
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RACI table. 
 
 
 
 
R= A= C= I=
Responsible Accountable Consulted Informed
Designer Key-user Super-user Controller Developer
Department 
manager
Local 
applicatio
n owner
Global 
applicatio
n owner
New product development
Review of initial idea - I C C C - I C
Review of initial design I I C C C I C C
Review of needed instruction/trainings I C R C R I A C
Review of created entities C C R R R I I C
Distribution of new entities I I I R R A I C
Maintenance of created entities I I I R/I R/I I I C
Standard item creation
Review of created items R - - I I - - -
Creation of new entity I/R I I A/R C/R - I I
Review of created entity I I I R R - I I
Distribution of new entity I I I A/R R I I I
Maintenance of created entities I I/C I/C A/R C/R I I I
Instruction creation
Review of initial need C R R - C - A/R A
Review of common interests - R R - C - A/R A
Creation of instruction - R R - C - A I
Review of created instruction C R R - C - R I
Distribution of instruction I R R - I I R A
Maintenance of created instruction I R R - I - R I
Parametric model creation
Review of entity's variability C - I C R I A I
Review of common interests C - I R R I A C
Review of best practices from other units - - I I I - I R
Decision on internal/external creation - I C - C C R A
Creation of new model (if internally) - I C C R - C I
Review of created model C C C R I - A/R A/R
Testing of created model I R R C R - A/R A/R
Distribution of created model (internally) I R R I I I R A
Distribution of information (for  other units) - - - - - - I R
Maintenance of created model - I R I R - C I
Data harmonization
Review of initial need C - - R R A C I
Review of created items C - - R R - - -
Data listing C C C A R - I I
Data review C C C - R - - -
Data distribution I I I R A I I/C I/C
Data maintenance I I I R C A I I
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Cross-functional resource classification model (Final Proposal) 
Processing staff      
Asynchronous machines R&D Synchronous machines
Support staff
(Development group )
Controller
(Shafts)
Controller
(Frames)
Controller 
(Bearings and shields)
Controller 
(Heat exchangers)
Controller 
(Aux.connection)
Controller 
(Main connection)
Controller
(Small parts)
Key- and 
Super-users
Developer
Group
Controller 
Committee I
Global application
 owner
Local application
 owner
Developer
Controller 
(Shafts)
Controller 
(Frames)
Controller
(Bearings and shields)
Controller 
(Heat exchangers)
Controller 
(Aux.connection)
Controller
(Main connection)
Controller N
…….
Controller 
Committee II
 
 
 
